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DEDICATORY INTRODUCTION 


Thu apprauulIj of a scientist by his contemporaries is a practice still 
ccaomon and by methods equally unscientific. We compare ourselves 
among ourselves with the assurance of one measuring the yardage of 
cloth or weighing staple produce by the pound, yet we lack both weights 
and measures. Instead, we use marks for the beginner at six, credits and 
grade points through his adolescence, degrees during his maturity, and 
stars and prizes for old age. 

Humanists remind us that this incompetence of scientists at human 
appraisal follows from the inadequacy of scientific methods and mate* 
rial. The essential study of mankind still is man, not cells and atoms, 
and human qualities, primarily intrinsic, have no counterpart in other 
things either animate or inanimate. Scientific tools and procedure have 
advanced far in the analysis of stars, vitamines, and protons, or toward 
manipulating the qualities of garden peas and fruit flies; but while such 
methods apply well enough in the quest of nature around us, they leave 
the nature of man quite unapproachable. 

Toward these claims scientists have come to be apprehensive. They 
would have to admit many incompetences and deplore the inadequacy, 
the crudity of their techniques; but mindful of the scientist’s ignorance 
of stars and atoms, cells and fruit flies, they would fail to overrate the 
humanist’s knowledge of man. More than likely, they would choose to 
reflect on man’s descent, whose lowly beginnings, very long past, and 
slow advancement occasion the more respect for his present competence 
and prospective attainments. And likely, too, they would not time man’s 
future progress with his past perform,*.''*'' Were rates of human ad¬ 
vancement fixed and equal, then scientists could as well Ie<tve tucir tasks 
for later generations. But their record of achievements has thwarted the 
rule of time and left unpredictable both the rate and the limits of ad¬ 
vancing knowledge, whether of atoms, of cells, or of man. 

Validity of scientific knowledge rests not upon that which is only indi¬ 
cated or assumed, but solely upon what can be proved and demon¬ 
strated. Thus the scientist has come to exercise diligent care both in the 
methods he employs and in the material which he selects. Even when 
human problems may be the ultimate aim, his immediate interests and 
approach are frequently determined by severe limitations of present- 
day techniques and of inadequate data. These imposed conditions have 
worked individual hardships, but they have also benefited science at 
large through discoveries of invaluable material “ud the development 
of first-rate methods. Among the best-known instances of this was the 
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discovery of microorganisms following tiie inventioa of the microstM^ 
The far-reaching results of the craftsmanship and findings of the quaint 
genins of Delft can scarcely be overestimated. It is enough, perhaps, to 
cite, in the wake of Leeuwenhoek’s work, the oontributi<n)S of Pasteur, 
who, with his contemporaries, establiifiied the b^rituaings of a new biol¬ 
ogy around the living cell as the key to all subcellular, unioellnlar, and 
multicellular forms of life. 

Modern trends in biology reflect the significance of this prime discov¬ 
ery and formulation of the cellular nature of life phenomena. All prob¬ 
lems of these phenomena, in their last analysis, are resolvable to prob¬ 
lems of the living cell, which is the unit not only of the structure and 
functions of living things, but also of their reproduction, development, 
heredity, and evolution. This accounts largely for the increasing mn- 
phasis nowadays on studies involving tmicellular organisms or the uni¬ 
cellular stages of many-celled organisms. Here all vital phenomena find 
their most elemental expressions so that the fundamental problmns Can 
be recognized and isolated from the incidental. Improved means of 
environmental control are being made to satisfy the most rigorous re¬ 
quirements for reproducible experimentation, thus emphasizing the dis¬ 
tinction which biology properly enjoys as an experimental science. 

This stage of experimentation in biology obviouriy has not been 
reached by any sudden flight or mutational change. It has come as a 
result of many decades of most painstaking critical observation and 
descriptive analyses in both field and laboratory-foundational work 
which is still far from completion. The systematist, descriptive mor¬ 
phologist, and ecologist have performed this indispensable rdle, for 
which, in modem times, they have not infrequently received inadequate 
recognition. 

In the annals of American biology having to do especially with uni¬ 
cellular forms of life, one name stands out today preeminently as that 
of a pioneer in preparing the way for modem biological developments 
and as a major contributor to those developments. Subsequent to his 
earlier studies on cell-lineage in molluscs, he recognized many unex¬ 
plored or poorly charted regions of the unicellular world, and to these 
much of his extensive research has since been devoted. Colonial and indi¬ 
vidual flagellates and ciliates of streams and lakes, and a prodigious 
number of both armored and unarmored forms of marine dinoflagellates 
and sessile marine ciliates were the basis, as free-living material, for 
various papers and voluminous, elaborately and accurately illustrated 
monographs. Probably his major interests and contributions, however, 
have had to do with protozoa of parasitic habit. These have included a 
variety of representatives of the four major classes, and their hosts have 
ranged from otbmr protozoa and plants to coelenterates, worms, insects, 
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oruataoeans, molluscs, echinoderms, fish, amphibia, reptiles, birds, and 
mammals, with special interest and experimental and exhaustive studies 
on protozoan parasites of man. Together with this array, mention might 
also be made of some of his wider interests and investigations on meta¬ 
zoan parasites of man and of other vertebrates chiefly as further illus¬ 
trative of his insatiable desire to help rid mankind of its worst scourge 
and enemy, disease. 

Adequate appraisal of the varied and invaluable accomplishments of 
this American biologist must await the judgment of later generations. 
Those who know him best as teacher, friend, and counselor have experi¬ 
enced the value of personal contacts which somehow inspire and direct 
the course of individual careers toward the best they can give to a strug¬ 
gling, bewildered, searching humanity. Such contacts, however, unfit 
the recipients as critical evaluators of the less tangible though more dur¬ 
able qualities of a master’s handiwork. They reckon well enough the 
spiritual counterpart which integrates the intellectual with all the other 
attributes comprising the man, but their appraisal of the scientist would 
want for weights and measures that do not now exist. None lack full con¬ 
fidence, however, in the nature of the appraisal that will eventually be 
imposed. 

To a born teacher and vivid inspiring lecturer; a tireless, penetrating, 
farseeing researcher; an efficient, exacting administrator and judicious 
editor; a wise counselor and faithful, obliging friend; one who under¬ 
stands youth and counts upon them to carrj’^ on; one to whom nature’s 
diversities, including mankind, only betray man’s spatial sketches of a 
deeper temporal unity,—to Professor Charles Atwood Kofoid this vol¬ 
ume of the series to which he so abundantly contributed is dedicated as 
a meager token of the affection and admiration of its contributors, of 
hosts of classroom and graduate students, and of bis colleagues. 

C. V. Tayloe, 

Herzstein Professor of Biology, 
Stanford University 
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CILIATES FROM BOS INDICUS LINN. III. 


EPIDINIUM CRAWLEY, EPIPLASTRON GEN. NOV., 
AND OPHRYOSCOLEX STEIN 

BY 

C. A. KOFOID AND E. P. MacLENNAN 


INTRODUCTION 

Epidinium and Ophryoscolex are now clearly recognized as separate genera, 
although they have at times been united on the basis of similarity in their 
skeletal plates. Because of the clear-cut characters of these genera there is very 
little revisional work to be done. This paper (the last in the series dealing with 
the ciliates of the Indian ox) is mainly a description of species of these 
genera present in Bos indicus, with notes on the holotrichous ciliates present 
in this host. 
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EPIDINIUM Crawley 

Eptdintvffl Crawley 1923, pp. 394, 401; Dogiel 1927 partm, pp. 156-181, figs. 90-99 (for 
pp. 181-183, figs. 100-102, see Epiplostron). 

Diagnosis.-—Body elongate and twisted around the main axis; dorsal mem- 
branelle zone behind the anterior end of the body; main skeletal complex 
composed of three plates; macronucleus a straight, elongate body; two con¬ 
tractile vacuoles. 

Type species .—Crawley (1923) designated Epidtmi/mccaMdafMm (Fioren- 
tini 1889) as the type species. 

1 Hofolfi, C. A., and MarLenaan, B. P., 1930. 
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BeVIBW of LlXBBATUltB 

Although the genus Epidinium was not described by Crawley until 1928, 
many of the species of this genus were among the first species of Ophryosoo* 
leeidae to be described. Fiorentini (1889) described Diplodtnium ecaadatum, 
D. eaudatum, and D. cattanei. Eberlein (1895) described another species 
under the name D. caudatum which was renamed D. eberleini by Cunha 
(1914). Sharp (1914) redescribed two of Fiorentini's species and three new 
ones, but considered them as formas of D. eeaudatum. This group is separated 
from the rest of the species of Diplodtnium by the shape of the body, size and 
position of the membranelle zones, and the number of skeletal plates. In these 
respects it shows closer relationships to Ophryoscolex than to Diplodinium. 
Cunha (1914), Awerinzew andMutafowa (1914), and Dogiel (1925) there¬ 
fore took the D. eeaudatum group and placed it in Ophryoscolex. Crawley 
(1923), however, showed that this group belonged neither in Diplodinium nor 
in Ophryoscolex and erected a new genus, Epidinium, for it. 


Chabactebs op Systematic Impobtance 

The morphology of Epidinium is more accurately known than that of the 
rest of the Ophryoscoleeidae, as a result chiefly of the work of Sharp (1914), 
Belar (1925), and Dogiel (1927). The differences revealed between Epi¬ 
dinium and the other closely related genera clearly established the validity 
of this genus. 

The oral membranelle zone is relatively mnall and inclined ventrally and 
to tile left at a steep angle. The dorsal membranelle zone lies behind the ante¬ 
rior end of the body near the level of the anterior tip of the macronucleus. It 
arises near the dorsal edge of the skeletal complex and extends to the left for 
about one-third of the circumference of the body. Thus, in position and size, 
the dorsal zone of Epidinium gives a transition from this organelle as present 
in such genera as Diplodinium, Ostracodinium, and Polyplastron to the elon¬ 
gated dorsal zone found in Ophryoscolex. 

The body is almost circular in cross-section, the slight lateral flattening 
being nearly imperceptible. The main longitudinal axis of the body is twisted, 
the anterior end of the body being bent ventrally and twisted to the right 
about the main axis. This twisting is particularly clearly shown in a dorsal 
view and involves the position of the skeletal plates, nuclei, contractile vacu¬ 
oles, and spines, as well as the general contours of the body. In other genera, 
such as Diplodinium, Eudiplodinium, and Ostracodinium, the body shows 
very little, if any, twisting aroimd the main axis. 
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The main skeletal complex of Epidimum is composed of three plates with 
their anterior ends lying close against the edge of the oral area. The ventral 
plate arises near the left ventral edge of the oral area and extends posteriorly 
and to the right. It terminates in the posterior third of the right ventral sur¬ 
face. The large median plate arises along the ventral half of the right side of 
the oral area and extends posteriorly parallel and adjacent to the ventral 
plate. The narrow dorsal plate arises along the dorsal side of the oral area and 
extends posteriorly between the median plate and the macronueletis. The ven¬ 
tral and median plates lie close together throughout their whole length. The 
dorsal and median plates lie close together except in the anterior third of the 
body where there is a small window of undifferentiated ectoplasm between the 
two plates. The main skeletal complex is of this form throughout the genus. 
One species, E. eberleini, has an accessory skeletal plate in the ventral spine 
in addition to the main complex of plates centering around the oral area. This 
accessory plate is a long thin structure extending from the middle of the ven¬ 
tral side to the tip of the ventral spine. The main skeletal complex of Epidin- 
turn is similar to that of Opkryoscolex, but does not extend into the main 
caudal spine, as does that of the latter genus. The presence of an accessory 
plate in the ventral spine of E. eberleini is paralleled by the presence of acces¬ 
sory plates in the spines of Opkryoscolex caudatus and other species of that 
genus. The similarity of the skeletal systems of Epidinium and Opkryoscolex 
is an important indication of their close relationship. 

The most commonly used characters for specific differentiation in Epidin¬ 
ium are the number, shape, and position of caudal spines or lobes. The spines, 
although highly variable in size, as in the other genera of the family, are stable 
in number and position and are very useful for the differentiation of species. 
In one species the presence of an accessory skeletal plate in the ventral spine 
is an additional distinctive feature. The shape of the body is another impor¬ 
tant characteristic, though less obvious than spination. The body of Sharp’s 
E. ecaudatum group is elongate and tapered posteriorly, while the body of 
E, cattanei Piorentini (non D. cattanei Sharp) is relatively short and is ab¬ 
ruptly truncated posteriorly. Similar differences separate E. caudatum and 
E. kamatum, as pointed out by Schulze (1924). All these characteristics are 
the same as those which have proved of most use for a specific classification in 
the other genera of the Ophryoscolecidae. As in the other papers of this series 
(Eofoid and MacLennan, 1930,1932), we have not used the systematic unit 
forma. 
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BCATTDATUM GBOUP 

The six species making up this group were first assembled by Sharp (1914) 
as formas belonging to a single species, Epidinium ecaudatum (bis Diplo- 
dinium ecaudatum). These forms, however, are morphologically distinct and 
there is no evidence to show that individuals of one type give rise directly to 
the other types in the reproductive processes. Many hosts have been found 
among domestic cattle which have many ciliates of only one type giving posi¬ 
tive evidence that they reproduce true to form. Although this can be finally 
proved only by pure-line cultures, the weight of evidence now available shows 
that these forms differing in spination are true species and not mere fluctuat¬ 
ing variations or formas. 

The Epidinium ecaudatum group is characterized by a tapering of the pos¬ 
terior half of the body, which ends in the small rounded posterior end. Specia- 
tion within this series is based upon the spination of this small posterior end. 
There is a complete series of species ranging from E. ecaudatum with no 
spines, to E. parvicaudatum with five small conical spines. E. caudatum has 
a single large ventral spine. E. bicaudatum has a smaller dorsal spine in addi¬ 
tion to the ventral spine. A right lateral spine is added in E. tricaudatum. E. 
quadricaudatum has both a right and a left lateral spine in addition to the 
dorsal and ventral spines. E. parvicaudatum has two right lateral spines, 
making a total of five spines for this species. The E. ecaudatum group is simi¬ 
lar to the Diplodinium anacantkum group in this serial development of caudal 
spines on a relatively narrow, tapering, posterior end. 

* E. hamatum, E. hulbiferum, E. cattanei (Dogiel^s E. ecaudatum fascicu¬ 
lus) ^ and E. gigas have been included by Dogiel in the E. ecaudatum group, 
but none of these species shows the tapering posterior end of the body as do all 
the species which have been included by us in the E. ecaudatum group. 


Bpldlnlam ecandatum (Fiorentiai 1889) 

Dtplodimutn caudatum riorontini 1889, pp. 15-16, pi. 3, figs. 1-2; Eberlein in 1895, 
pp. 263-264, fig. 19; Buisson 1923a, pp. 105-106; Fantbam 1926, p« 568. 

Diplodinium ecaudatum fonna ecaudatum Sharp 1914, pp. 62-90, figs. A-D, pis. 3, 6, 
7; Buisson 1923a, pp. 106-113, fig. 37; Becker and Talbott 1927, p. 354, fig. 22. 
Ophryoacolesc inermia Cunha 1914a, p. 4; 19145, pp. 58,60-62. 

Ophryoacolex Uibiatua Awerinsew and Mutafowa 1914, pp. 114-115, fig. 6. 

Ophryoaeolex ecaudatua Bogiel 1925, pp. 135,192, 248, 250. 

Ophryoacolex ecaudatua forma ecaudatua Dogiel 1925o, pp. 57-61, figs. 18-20. 

Epidinium ecaudatum Crawley 1923. 

Epidinium ecaudatum forma ecaudatum Dogiel 1927, pp. 159-161, fig. 90; 1932, p. 97* 

Diagnosis .—Body relatively long (2.8-2.9 dorsoventral diameters in 
length) and tapered posteriorly; smoothly rounded posterior!^. Length 90- 
152 ^. 
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Occurrence. — E. ecaudatum has been reported from domestic cattle from 
Italy by Fiorentini (1889), from Germany by Eberlein (1895), from Califor¬ 
nia by Sharp (1914), from Iowa by Becker and Talbott (1927), from Brazil 
by Cunha (1914), from the U.8-S.R, by Dogiel (1927), and from Uganda by 
Dogiel (1932), It has also been reported from reindeer {Bangifer tarandus) 
from northern U.S.S.R. by Do^el (1925), and from antelope {Tragelaphus 
scriptus) from Uganda by Dogiel (1932). 

Belationships. —E. ecaudatum is the simplest member of the E. ecaudatum 
group. 

Bpidinium candatnm (Fiorentini 1889) 

Plate 1, figure 1; figure A, 1-2 

Diplodinium caudatum Fiorentini 1889, p. 24, pL 3, fig. 2; non Eberlein 1895, pp. 260- 
261, pi. 17, fig. 16; Cunha 1914a, p. 31; 19145, p. 62; Buisson 1923a, p. 119; 19235, 
p. 158; Schulze 1924, p. 656; Becker and Talbott 1927, p. 354. 

Diplodintum ecaudatum forma caudatum Sharp 1914, pp. 90-91, pi. 5, fig. 6; Buisson 
1923a, pp. 113-117, fig, 39; Becker and Talbott 1927, pp. 354-355, pi. 3, fig. 25. 

Ophryoecolex intermixtus Awerinzew and Mutafowa 1914, pp. 112-113, fig. 3. 

Ophryoscolex inermis var. caudatua Cunha 1914, p. 113, fig. 40. 

Ophryoscolex ecaudatua forma caudatua Dogiel 19255, pp. 137, 141; 1925c, pp. 57-59; 
Dogiel and Fedorowa 1925, p. 102, fig. 6. 

Epidinium caudatum Crawley 1923, p. 412, pi. 29, figs. D4:-D6; Dogiel 1927, p. 269. 
£pidtn%um ecaudatum forma caudatum Dogiel 1927, pp. 161-163, fig. 91a-c; 1932, p. 
97, 98. 

Diagnosis. —Body elongate (2.04-2.86 dorso-ventral diameters in length) 
and tapered posteriorly; single ventral caudal spine. Length 85-140fi. 

Description. —The body is elongate (2.04-2.86 dorsoventral diameters in 
length), and tapering toward the posterior end. The ventral and left surfaces 
are flat or slightly concave, the dorsal and right surfaces strongly convex. 
The oral area (0.37-0.41 dorso-ventral diameter in diameter) is inclined ven- 
trally at an angle of about 45° and to the left at an angle of about 30°. 

The single caudal spine (0.38-1.19 dorso-ventral diameters in length) arises 
from the postero-ventral end of the body. It curves dorsally and to the right. 
In one specimen the caudal spine was bifurcate. 

Fine longitudinal striations cover the cuticle. Beneath the cuticle three 
skeletal plates extend from the operculum and the right side of the oral area 
posteriorly past the middle of the body. The ectoplasm is relatively thin ex¬ 
cept in the anterior end of the body in the region of the locomotor organelles. 

The macronucleus is an elongate body (0.88-1.72 dorso-ventral diameters 
in length) lying beneath the right dorsal surface adjacent to the edge of the 
dorsal skeletal plate. The micronucleus is a small ellipsoidal body 3-7fi in 
diameter. It lies in a small depression in the left dorsal side of the macronu¬ 
cleus. 

The two contractile vacuoles lie beneath the dorsal surface, to the right of 
the dorsal mid-line. The excretory canals and pores are relatively conspic¬ 
uous. 

The oesophagus, extends posteriorly from the mouth and toward the right 
surface. The fibrils lining it are fine and difiScult to see except in sections. The 
boundary layer is well developed. The endoplasmic sack extends from the level 
of the dorsal membranelle zone to the posterior end of the body. The rectum 
is a narrow ectoplasmic structure in the postero-ventral end of the body. It is 
lined by fine, longitudinal fibrils. The anus is a narrow, elliptical opening 
near the right dorsal side of the base of the ventral spine. 

The food consists of bacteria and small flagellates. 
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Moaturomonts. —^Th« following measorements were made from 10 apeei- 
mens selected at randmn from Bot indiens. 


Aidi 


Xieroat 

Proportioiial 

Lengtli. 

. 

.— 107(86-140) 

2.43(2.04-^.86) 

Trangdiameter. 


....... 41(36-451) 

0.96(0.90-1.00) 

Dorso-ventral diameter. 


. 44(37- 54) 

1.00 

Maeronucleiig. 


. 58(36- 88) 

1.19(0.88-1.72) 

Oral area. 


. 20(18- 21) 

0.45(0.37-0.41) 

Caudal spine. 


. 26(15- 50) 

0.67(0.88-1.19) 



Fig. A. 1 ud £, BpUUMtim eavdaium (Fiorentini 1889); 
3 aad 4, Bpidiniium hicaudatim (Sharp 1914). 
X600 
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Occurrence.—Spidinium caudatvm is found in two of the Bos indicus from 
Colombo, Ceylon. The most common host of E. cmdatum is domestic cattle 
(Bos taurus). This has been reported from Italy by Fiorentini (1889); from 
California by Sharp (1914); from Iowa by Becker and Talbott (1927); from 
Brazil by Cunha (1914); from the U.S.S.R. by Dogiel (1927), and from 
Ug^anda by Dogiel (1932). It has also been reported from reindeer (Bangifer 
tarandus) and deer (Cervus canadensis ludorfi) from northern U.S.S.R. by 
Dogiel (1927); from the camel (Camelus dromedarius) from Turkestan by 
Dogiel (1926); and from the KafSr buffalo (Syncerus caffer) from Uganda 
by Dogiel (1932). 

Relationships. — E. caudatum is the second member of the E. ecaudatum 
group and is distinguished mainly by the presence of a single ventral spine. 


Epidliilnm Ueandatnm (Sharp 1914) 

Plate 1, figure 4; figure A, 3-4 

Diplodinium eoaudatum forma bieaudatum Sharp 1914, p. 92, pi. 5, fig. 7. 

Spidinium bieaudatum Crawley 1923, p. 412. 

Spidinium ecaudatum forma bieaudatum Dogiel 1927, pp. 166-167, figa. 94, 95c. 

Diagnosis .—^Body elongate (2.10-2.88 dorso-ventral diameters in length) 
and tapered posteriorly; a large ventral spine, a smaUer dorsal spine. Length 
82-144^. 

Description .—The body is elongate (2.10-2.88 dorso-ventral diameters in 
length) and tapering toward the posterior end. The ventral and left sur¬ 
faces are concave, the dorsal and right surfaces strongly convex. The oral 
area (0.33-0.52 dorso-ventral diameter in diameter) is inclined ventrally at 
an angle of 30-50° and to the left at an angle of 30-45°. 

The large ventral caudal spine arises from the postero-ventral end of the 
body at the left of the mid-line. It curves dorsally and to the right. It is homo¬ 
logous in position and shape to the spine of E. caudatum. The small dorsal 
spine arises from the postero-dorsal end of the body on the mid-line. It curves 
ventrally. 

The cuticle is covered with fine longitudinal striations. Beneath the cuticle, 
three skeletal plates extend from the operculum and the right side of the oral 
area posteriorly past the middle of the body. The ectoplasm is relatively thin 
except in the anterior end of the body in the region of the locomotor organ¬ 
elles. 

The piacronucleus is an elongate body (1.00-1.86 dorso-ventral diameters 
in lenf^h) lying beneath the right dorsal surface adjacent to the edge of the 
dorsal skeletal plate. It is somewhat narrower and longer than the macronu¬ 
cleus of E. caudatum. The micronucleus is a small ellipsoidal body 5-8^ in 
diameter. It lies in a liiallow depression in the right dorsal side of the macro- 
nucleus. 

The two contractile vacuoles lie beneath the dorsal surface, slightly to the 
right of the mid-line. The excretory canals and pores are relatively conspic¬ 
uous. 

The oesophagus extends posteriorly and to the right from the mouth. The 
longitudinal fibrils lining it are fine. The boundary layer is well developed. 
The endoplasmic sack extends from the level of the dorsal membranelle zone 
to the posterior end of the body. The rectum is a narrow ectoplasmic structure 
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in the postero-venlxal end of the body. It is lined with fine, longitudinal fibrils. 
The anus is a narrow, elliptioal opening near the right dorsal side of the base 
of the ventral spine. 

The food consists of bacteria and small fiagellates. 

Meagurements .—The following measurements were made from 10 speci¬ 
mens picked at random from Bos indicua. 


Axil Uleroni Proportional 

Length. 118(82-144) 2.37(2.10-2.88) 

Tpanediameter. 46(38- 56) 0.92(0.88-1.00) 

Dorso-ventral diameter. 50(39- 60) 1.00 

Mscronuclena.-. 67(38- 93) 1.35(1.00-1.86) 

Oral area. 22(19- 29) 0.44(0.33-0.62) 

Caudal spines. 26(20- 30) 0.51(0.33-0.66) 


Occurrence. — E. bicaudatum is present in small numbers from material 
from one Bos indicus collected in Colombo, Ceylon. Sharp (1914) found it in 
cattle from California, and Dogiel (1927) in cattle in the U.S.S.R. 

Belationships. — E. bicaudatum is the third member of the E. ecaudatum 
group. 


Epldinlnm trlcandatum (Sharp 1914) 

Plate 1, figure 2 ; figure B, 1-2 

Diplodinium eeaudattm forma trieaudatum Sharp 1914, p. 92, pi. 5, fig. 8; Buisson 
1923a, p. 117, fig. 29; Becker and Talbott 1927, p. 355, fig. 25a. 

Epidinium trieavdatum Crawley 1923, p. 412. 

Ophryoteolex ecaudatus forma trieaudatm Dogiel 1926, p. 253. 

Epidinium ecaudatum forma trioaudatum Dogiel 1927, pp. 167-168, fig. 95a-b. 

Diagnosis .—Body elongate (2.02-2.50 dorso-ventral diameters in length) 
and tapered posteriorly; a large ventral spine, a dorsal spine and a right 
lateral spine. Length 85-131fi (10 specimens). 

Description .—^The body is elongate (2.02-2.50 dorso-ventral diameters in 
, length) and is tapered toward the posterior end. The ventral and left sur¬ 
faces are fiat or slightly concave, the dorsal and right surfaces convex. The 
oral area (0.37-0.52 dorso-ventral diameter in diameter) is inclined ven- 
larically at an angle of 30-45° and to the left at an angle of 35-40°. 

The ventral spine, the largest of the three, arises from the postero-ventral 
end of the body at the left of the mid-line. It curves d6rsally and to the right. 
There is a small dorsal spine homologous to the dorsal spine of E. bicaudatum. 
A small lateral spine arises from the right side near the base of the ventral 
spine. The dorsal and lateral spine vary from small points (fig. B, 1-2) to 
large spikes only slightly smaller than the ventral spine. 

The cuticle is covered with fine longitudinal striations. Beneath the cuticle 
of the right and ventral sides are the three skeletal plates. They extend from 
the edge of the oral area posteriorly to the level of the posterior end of the 
macronucleus. The ectoplasm is relatively thin except in the anterior end of 
the body in the region of the locomotor organelles. 

The macronuclens is an elongate body 0.47-1.52 dorso-ventral diameters in 
length. It Ues beneath the right dorsal surface adjacent to the edge of the 
dorsal skeletal plate. The mieronucleus is a small ellipsoidal body, 3-7/u in 
diameter, lying in a shallow depression in the middle of the right dorsal side 
of the macronuclens. 

The two contractile vacuoles lie beneath the dorsal surface, at the right of 
the mid-line. The excretory canals and pores are relatively conspicuous. 
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The oesophagus extends posterioidy and to the right from the mouth. Fine 
longitudinal fibrils line it. The boundary layer is conspicuous. The endo¬ 
plasmic sack extends from the level of the dorsal membranelle zone to the 
posterior end of the body. The rectum is a narrow ectoplasmic structure in 



Fig. B. 1 and 2, Epidinium tricavdatvm (Sharp 1914); 

' 3 and 4, Epidinivm quadricaudatvm (Sharp 1914). 
x500 

Ihe postero-ventral end of the body. Pine longitudinal fibrils may be seen in 
its walls. The narrow elliptical anus lies between the bases of the ventral and 
the lateral spines. 

The food consists of bacteria and small fldgeUates. 
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Measurements .—^The following measnrements were made from ten speci* 
mens picked at random from Bos indicus. 


Axle Hteroni Proportional 

Length... 112(85-131) 2.31(2.02-2.50) 

Transdiameter. 46(40- 58) 0.94(0.85-1.00) 

Borso-ventral diameter. 49 (42- 60) 1.00 

Macronuclens. 60(19- 80) 1.23(0.47-1.52) 

Mouth. 21(19- 22) 0.44(0.37-0.52) 

Caudal Spines. 24( 5- 35) 0.50(0.12-0.75) 


Oocurrenee. — E. tricaudatum is present in small numbers in material from 
one Bos indicus from Colombo, Ceylon. Sharp (1914) reported it from do¬ 
mestic cattle from California, and Dogiel (1927) from the U.S.S.B. It has also 
been reported from the KafSr buffalo (Syncerus coffer) from Uganda by Do¬ 
giel (1932). 

Belationships. E. tricaudatum is the fourth member of the E. ecauda- 
tum group. 


Eptaininm ansdilcandatam (Sharp 1914) 

Plate 1, figure 3; figure B, 3-4 

Diplodinium eeaudatum forma guadrieaudatum Sharp 1914, pp. 93-94, pi. 6, fig. 9; 

Bniuon 1923a, p. 117, fig. 39. 

Epidinium quadrieaudatwn Crawley 1923, p. 412. 

Ophrposeolex eeaudattu forma guadrieaudatus Dogiel 1920, p. 254. 

Epidinivm eeaudatum forma guadrieaudatum Dogiel 1927, pp. 168-169, fig. 96a-h. 

Diagnosis .—^Body elongate (2.27-2.32 dorso-ventral diameters in length) 
and tapered posteriorly; a large ventral spine, a dorsal spine, and two right 
lateral spines. Length 110-119/t (10 specimens). 

Description.—The body is elongate (2.27-2.32 dorso-ventral diameters in 
length) and is tapered toward the posterior end. The ventral and left sur¬ 
faces are strongly concave, the dorsal and right surfaces convex. The oral area 
(0.38-0.48 dorso-ventral diameter in diameter) is inclined ventrally at an 
angle of about 40° and to the left at an angle of about 35°. 

The large ventral spine (0.38-0.69 dorso-ventral diameter in length) arises 
from the postero-ventral end of the body at the left of the mid-line. It curves 
dorsally and to the right. There is a small dorsal spine homologous to the 
dorsal spine in E. bicaudatum and E. tricaudatum. There are two right lateral 
spines in place of the single lateral spine of E. tricaudatum. The ventral spine 
is always the longest, the two lateral spines are the shortest and nearly equal 
in length, and the dorsal spine is slightly larger than the lateral spines. 

Fine striations extend longitudinally over the cuticle. The three skeletal 
plates lie beneath the right and ventral sides. They extend from the edge of 
the oral area posteriorly to the level of the posterior end of the macronuclens. 
The ectoplasm is relatively thin except in the anterior end of the body. 

The elongate macronu<dens (1.29-1.42 dorso-ventral diameters in length) 
lies beneath the right dorsal surface adjacent to the edge of the dorsal skeletal 
plate. The small ellipsoidal micronudeus, 5-6/« in diameter, lies in a shallow 
depression in the middle of the left dorsal side of the macronuclens. 

The two eontxae^e Vacuoles lie beneath the dorsal surface at the right of 
the mid-line. The excretory canals and pores are relatively conspicuous. 

The oesophagus extends posteriorly and to the right bom. tilff mouth. It is 
lined with fine longitudinal fibrils. The boundary layer, separating ectoplasm 
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and endoplasm, is clearly marked. The endoplasmic sack extends from the 
level of l^e dorsal membranelle zone to the posterior end of the body. The 
rectum is a narrow, ectoplasmic structure in the postero-ventral end of the 
body- Fine longitudinal fibrils may be seen in its walls. The anus lies between 
the bases of the ventral and lateral spines. 

The food consists of bacteria and small fiagellates. 

Measurements .—The following measurements were made from ten speci¬ 
mens picked at random from Bos indicus. 


Azt« Microns Proportionsi 

Length. 116(110-119) 2.29(2.27-2.32) 

Transdiameter . 47 ( 40- 60) 0.92(0.83-0.98) 

Dorso-ventral diameter. 51 ( 48- 52) 1.00 

Macronucleus. 69( 62- 74) 1.38(1.29-1.42) 

Oral area. 22 ( 20- 23) 0.43(0.38-0.48) 

Caudal spines. 26( 20- 35) 0.52(0.38-0.69) 


Occurrence. — E. quadricaudatum is present in small numbers in material 
from one Bos indicus from Colombo, Ceylon. Sharp (1914) reported it from 
domestic cattle from California, and Dogiel (1927) from the U.S.S.R. 

Relationships. — E. quadricaudatum is the fifth member of the E. ecaudatum 
group. 


Spidisiinu parvicaodatiiin (Awerinzew and Mutafowa 1914) 

Diphdinium ecaudatum forma cattanei Sharp 1914, pp. 94-95, pi. 3, figs. 4, 5; Becker 
and Talbott 1927, p. 355. 

Ophryoseolex fasciculus forma parvicaudata Awerinzew and Mutafowa 1914, p. 114, 
pi. 9, fig. 5. 

Epidiuium ecaudatum forma cattaneoi Dogiel 1927, pp. 169-171, fig. 97; 1932, p. 97. 

Diagnosis .—Bodyrelatively long (2.4-2.8dorso-ventral diameters inlength) 
and tapered posteriorly; five short incurved caudal spines, one rising from 
the ventral side, two from the dorsal side, and one from each lateral surface. 
Length, 82-160/t. 

Occurrence. — E. parvicaudatum was reported by Awerinzew and Muta¬ 
fowa (1914) from cattle from Leningrad; by Sharp (1914 from cattle from 
the western U. S.; and by Dogiel (1927, 1932) from various parts of the 
U.S.S.R. and from Uganda. 

Relationship. — E. parvicaudatum has the greatest complexity of spination 
of all species of the E. ecaudatum group. The size and shape of the spines and 
the tapering of the body clearly place it with this group and separate it from 
the long-spined E. cattanei. 

Sharp (1914) identified his five-spined species as Diphdinium cattanei 
Fiorentini (1889), but at the same time pointed out serious discrepancies be¬ 
tween his description and that of Fiorentini. Other authors (Awerinzew and 
Mutafowa 1914; Dqgiel 1927), with the opportunity to study both types, have 
separated them. Awerinzew and Mutafowa gave the short-spined type the 
forma name parvicaudata. The name E. cattanei (Fiorentini 1889) clearly 
belongs to the long-spined species. 
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HAMATUM GBOUP 

This group is characterised by the heavy posterior half of the body, uot 
tapered as in the Epidinium ecaudatum group, but nearly as stout as the 
anterior half of the body. The posterior end is extended to form a large dorsal 
lobe. The endoplasmic sack extends posteriorly into this lobe beyond the level 
of the rectum. E, hamatum possesses a narrow ventral spine, while E, hulbi- 
ferum has a peculiar bulb-like ventral projection. 

Epidlnlnm hamatam (Schulze 1924) 

Diplodinium hamatwn Schulze 1924, p. 656, figs. 2-4, 6-11; Dogiel 1926, pp. 248, 267. 

Ophryoscolex ecaudatua forma hamaiua Dogiel 1926, pp. 248-250, fig. 3. 

Epidinium ecaudatum forma hamatum Dogiel 1927, pp. 163-164, fig. 92. 

Diagnosis. —^Body elongate (2.5 dorso-ventral diameters in length); pos¬ 
terior part of body thick and heavy; dorsal side projects posteriorly beyond 
level of anus; a thin ventral spine present. Length 104-150ft. 

Occurrence. — E. hamatum was first reported by Schulze (1924) from cattle 
from Ctermany. Dogiel (1927) reports it from cattle and sheep from various 
parts of the U.S.S.E. and from the camel (Camelus dromedarius) from 
Turkestan. 

Relationships. —The heavy, blunt posterior half of E. hamatum separates 
this species from E. caudatum with its subconical posterior end. 

Epldinimn bulbiferum (Dogiel 1927) 

Epidinium ecaudatum forma hulhiferum Dogiel 1927, pp. 165-166, fig. 93a-(f. 

Diagnosis. —Body elongate (2.6 dorso-ventral diameters in length); pos¬ 
terior part of body thick and heavy; dorsal side projects posteriorly beyond 
•level of anus; rounded ventral lobe with its base narrower than its median 
diameter. Length 98-150fi. 

Occurrence. — E. bulbiferum is reported by Dogiel (1927) from domestic 
cattle (one host only) from the U.S.S.R. 

Eelationships. —This species is similar to E. hamatum in the general form 
and size of the body, but the ventral spine present in E. hamatum is replaced 
by a lobe in E. bulbiferum. 


UNALLOCATED SPECIES 

Three species of Epidinium, E. gigas, E. cattami, and E. eberleini, do not 
fit in with the E. ecaudatum group or the E. hamatum group. E. gigas is 8epar‘- 
ated from the other species of the genus by its size, untapered posterior end, 
and by differences in the skeletal complex; E. cattanei by the truncated 
posterior end and by peculiarly shaped and very long spines; E. eberleini by 
tiie presmice of an .accessory skeletal plate in the main caudal spine, and by 
the presence of two lateral lobes. No other species of the genug^ahows either 
lobes or accessory skeletal plates. 
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Bpidiniiim gigas (Dogiel 1925) 

OphrifoseoUw eoaudaiuB forma gigas Dogiel 1925o, pp. 58| 59, 61, figs. 19, 20. 

Bpidinium eoaudatum forma gigaa Dogiel 1927, pp. 173-175, fig. 99. 

Diagnosis. —Body relatively heavy (2.35 dorso-ventral diameters in length) 
and tapered posteriorly; posterior end smoothly rounded. Length 135-230/1. 

Occurrence. —firfflfos is reported by Dogiel (1927) from reindeer {Bangi- 
fer tarandus) from northern U.S.S.R. 

Relationships. — E. gigas is similar in general form of the body to E. 
eeaudatum and differs from it mainly in size. The left skeletal plate is larger 
than in E. eeaudatum and the posterior half is expanded dorsally. Also, the 
anterior half of the macronucleus is bent ventrally. 


Epidiniuxa cattanei (Fiorentini 1889) 

Plate 1, figure 7; figure C, 1-2 

Diplodinium cattanei Fiorentini 1889, pp. 16-17, pi. 3, figs. 4-5. 

Diplodinium eeaudatum forma cattanei Becker and Talbott, partim, 1927, p. 355 (see 
Epidinium parvicaudaium ); non Sharp 1914, pp. 94-95, pi. 5, fig. 10 (see E. parvi- 
caudatum). 

Diplodinium eeaudatum var. cattanei Buisson 1923a, pp. 118-119, fig. 42. 

Ophryoaeolex cattanei Bailliet 1890. 

Ophryoacolcx cattaneoi Ounha 19145, pp. 62, 63. 

Ophryoaeolex faaciculua Awerinzew and Mutafowa, partim, 1914, pp. 112-114, fig. 4 
(for p. 114, pL 9, fig. 5, see Epidinium parvicaudatum). 

Epidinium cattanei Crawley 1923, p. 412. 

Ophryoaeolex ecaudatua cattaneoi Dogiel 1926, p. 254. 

Epidinium eeaudatum forma faaciculua Dogiel 1927, pp. 171-173, fig. 98. 

Epidinium caudatum forma faaciculua Dogiel 1927, p, 171. 

non Epidinium eeaudatum forma cattanei Dogiel 1927, pp. 169-171, fig. 97 (see E. parvu 
caudatum). 

Diagnosis. —Body relatively short (1.63-2.38 dorso-ventral diameters in 
length) and truncate posteriorly; five long straight caudal spines, one arising 
from the ventral side, two from the dorsal side, and one from each lateral sur¬ 
face. Length 78-120/i (10 specimens). 

Description. —The body is relatively short and heavy and is truncated pos¬ 
teriorly. This is in sharp contrast to the narrow, posteriorly tapering form 
shown by E. caudatum, E. quinquecaudatum, and the other members of 
Sharp’agroup. The ventral surface of E. cattanei is slightly concave. The left 
and dorsal surfaces are concave between the dorsal membranelle zone and 
the base of the left spine. The right surface is convex. The oral area (0.43-0.67 
dorso-ventral diameter in diameter) is inclined ventrally at an angle of about 
45® and to the left at an angle of about 35®. 

The five caudal spines (0.87-1.41 dorso-ventral diameters in length) are the 
largest and most prominent spines found in any of the Ophryoscolecidae. The 
ventral spine is only slightly larger than the other four spines. Each spine 
arises from a relatively broad base, but tapers rapidly in the proximal third, 
so that the distal two-thirds are relatively thin. The Spines are relatively 
straight and show little tendency to curve inward, even in fixed material. The 
spines of B. cattanei contrast strongly witli the short, uniformly tapering, 
inward curved spines of E. quinquecaudatum. TMb difference is i^own in all 











19S8] Kofoid-MaeLtnnan! CUiaiet from Bos Indicus Linn. HI 


15 


the published drawings of the two species. The largest spine projects from the 
ventral side of the posterior end of the body, two spines from the dorsal side, 
and one from each side between the ventral and dorsal spines. 

The cuticle is covered with fine longitudinal striations, as in the other 
species of Epidinium. The anterior two-thirds of the three skeletal plates 
extend around the oral area from the operculum to the ventral side. They 
gradually narrow posteriorly and cover less than half of the right side. The 
dorsal plate is usually shorter than the other two and often ends near the 
level of the anterior contractile vacuole. The middle and ventral plates 
terminate posteriorly a short distance behind the middle of the body. All three 
plates are relatively shorter than the plates of E. ecaudaium and the other 
species closely related to it. The ectoplasm is relatively thin except in the 
anterior end of the body in the region of the locomotor organelles. 

The macronucleus is an elongate body (0.85-1.45 dorso-ventral diameters 
in length) l}dng beneath the right dorsal surface adjacent to the edge of the 
dorsal skeletal plate. The micronuelexis is a small ellipsoidal body 4-7/it in 
diameter. It lies in a shallow depression in the dorsal side of the macronucleus. 

The two contractile vacuoles lie beneath the dorsal surface. The large an¬ 
terior vacuole is located at the right of the mid-line, while the smaller pos¬ 
terior vacuole is located very near the mid-line. The excretory canals and 
pores are relatively conspicuous. 

The oesophagus extends posteriorly from the mouth and towards the right 
surface. The fibrils lining it are fine. The boundary layer is conspicuous. The 
endoplasmic sack extends from the level of the dorsal membranelle zone to the 
posterior end of the body. The rectum is a small, narrow, ectoplasmic struc¬ 
ture in the postero-ventral end of the body. It is relatively smaller than in E. 
ecaudaium. The anus is a narrow elliptical opening near the dorsal side of the 
base of the ventral spine. 

The food consists of bacteria and small flagellates. 

Measurements. —The following measurements were made from 10 speci¬ 
mens picked at random from Bos indicus. 


Axis Microns Proportional 

Length. 97(78-120) 1.84(1.63-2.38) 

Transdiameter. 50(40- 61) 0.94(0.87-0.98) 

Dorso-ventral diameter. 53(42- 65) 1.00 

Macronucleus. 55(40- 71) 1.04(0.85-1.45) 

Oral area. 27(22- 32) 0.53(0.43-0.67) 

Caudal spines. 63( 4- 80) 1.17(0.87-1.41) 


OcQurrence.—Epidinium cattanei is present in small numbers in material 
from one Bos indicus from Coonoor, India, and from two Bos indicus from 
Colombo, Ceylon. E. cattanei has been reported from domestic cattle (Bos 
taurus) from Italy by Piorentini (1889); from theU.S.S.R.byAwerinzew and 
Mutafowa (1914) and Dogiel (1927); from Prance by Railliet (1890) and 
Buisson (1923); from Iowa by Becker and Talbott (1927); from Brazil by 
Cunha(1914). ‘ 

Relationships. —The relatively short truncated body of E. cattanei and the 
peculiar shape of the very long spines separate it from the other species of 
the genus. 
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Bl^dininm elMriolai (Cnaha 1914) 

Plate 1, figure 6; figure 1> 

Diploditiium eavdatim Eberlein 1895, pp. 250-201, fig. 16. 

DiplodinMm eberleini Cunha 19148, p. 62; Sharp 1914, pp. 61, 01; Buisaon 1923a, pp. 

118-120, fig. 36; Bogiel 1927, p. 156, fig. 89; Becker and Talbott 1927, p. 355. 
Diplodinwm longitpinum Schnlae 1924, p. 656. 

Spidinium loiatim Bogiel 1928, pp. 334-337, fig. 5a-b. 

Diagnosis .—^Body elongate (1.82-2.32 dorso-ventral diameters in length); 
broad, laterally flattened caudal lobe on right side; a blunt caudal lobe on 
left side; a long ventral spine; an accessory skeletal plate in ventral spine. 
Length 85-118fi (10 specimens). 



Pig. D. 1 and 2, Epidinium eberleini (Cunha 1914). 
x600 


Description .—The body is elongate (2.04-2.86 dorso-venfral diameters in 
length) with a relatively blunt posterior end. The ventral and left surfaces 
are nearly plane, the right surface is strongly convex. The anterior half of the 
dorsal surface is convex, the posterior half concave or plane. The oral area 
(0.34-0.52 dorso-ventral diameter in diameter) is inclined ventrally and to 
the left at an angle of about 45°. 

The large caudal spine (0.75-1.40 dorsoventral diameters in length) arises 
on the left ventral side of the posterior end. In dorsal view it has the form of 
a sigmoid curve (fig. D, 2). The right side of the body is continued posteriorly 
as a broad, laterdly flattened lobe. A narrower, heavier lobe projects from the 
posteior end of the left surface.' 

The cuticle is covered with fine longitudinal striations. Ben^th the cuticle 
three skeletal plates extend from the operculum and the right side of the oral 
area to the level of the posterior end of the macronucleus. These form the 
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main skeletal complex. A long, thin accessory skeletal plate extends from the 
middle of the ventral surface to the tip of tie large ventral spine. The ecto¬ 
plasm is relatively thin except in the anterior region of the body. 

The macronucleus is an elongate body (1.00-1.37 dorsoventral diameters 
in length) adjacent to the dorsal edge of the main skeletal complex. The micro¬ 
nucleus is a small, ellipsoidal body 5-8fi in diameter lying in a shallow de¬ 
pression in the middle of the right dorsal surface of the macronucleus. 

The two contractile vacuoles lie beneath the dorsal surface. The anterior 
vacuole is at the right of the mid-line, while the posterior vacuole is on the 
mid-line. The excretory canals and pores are relatively conspicuous. 

The oesophagus extends posteriorly from the mouth, the fibrils continuing 
along the right side to the posterior end of the body. The boundary layer is 
well developed. The endoplasmic sack extends from the level of the dorsal 
membranelle zone to the posterior end of the body. The rectum is a narrow, 
ectoplasmic structure in the postero-ventral end of the body. The anus opens 
at the base of the ventral spine between the two lateral lobes. 

The food consists of bacteria and small fiagellates. 

Measurements .—The following measurements were made from ten indi¬ 
viduals picked at random from Bos indicus. 


Axis Microns Proportional 

Length. 103(85-118) 2,10(1.82-2.32) 

Transdiameter. 45(39- 60) 0.92(0.85-0.98) 

Dorso-ventral diameter. 49(42- 65) 1.00 

Macronucleus. 56(40- 80) 1.14(1.00-1.37) 

Oral area. 21(20- 23) 0.44(0.34-0.52) 

Caudal spines. 50(30- 70) 1.04(0.75-1.40) 


The measurements given by Eberlein are as follows: length 100-120/*; 
dorso-ventral diameter 60-70/*. Dogiel (1928) gives the following measure¬ 
ments: length 72-105/*; dorso-ventral diameter 37-58/*; caudal spine 40-60/*. 

Occurrence.—Epidinium eberleini is present in two of the Bos indicus from 
Coonoor, India, and in two from Colombo, Ceylon. It was reported in do¬ 
mestic cattle from Germany by Eberlein (1895), and Schulze (1924); from 
Buffelus hubalus from Turkestan by Dogiel (1928). 

Relationships. — E. eberleini is separated from the other species of the 
genus by the unique appearance of its caudal lobes and by the presence of the 
accessory skeletal plate in the ventral spine. 


EPIPLA8TKON gen. nov. 

Epidinium Dogiel 1928, partim, pp. 181-183, figs. 100-102 (for pp. 156-181, figs. 90-99, 
see Epidinium). 

Diagnosis .—^Body elongate; dorsal membranelle zone behind the anterior 
end of the body; main skeletal complex composed of five plates; macronucleus 
a straight elongate body; two contractile vacuoles. 

Type species.—Epiplastron africanum (D<^el 1925) from antelope (Bha- 
phiceros sp.) from British East Africa. 
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CbABjLCTEBS of StSTBICATIO lUPOBTANOlS 

Dogid (1927) has given a thorough description of the skeletal plates of 
Epiplastron, but has given very little information on the rest of its morphol¬ 
ogy, merely stating that it is similar to Epidmiutn eoaudatum. 

The skeletal complex of five plates is located similarly to that of Epidinium 
and Ophryoscolex. The anterior ends of the plates surround the oral area 
except on the left side and terminate posteriorly on the right aide near the 
level of the posterior end of the macronucleus. The skeletal plates are most 
conveniently designated by numbers running dorso-ventrally—^the dorsal 
plate is number one, the ventral plate number five. Plate one arises on the 
dorsal edge of the oral area and extends posteriorly and to the right, terminat¬ 
ing near the anterior end of the macronucleus. Plates two, three, and four 
arise on the right side of the oral area and extend posteriorly to the level of 
the posterior end of the macronucleus. These plates are fused together in 
the posterior half of the body. Plate five arises on the ventral edge of the 
oral area and extends posteriorly and to the right. It extends approximately 
the same distance posteriorly as plate one. The posterior end of plate 
five may be fused with plate four. In the anterior half of the body the plates 
are separated from each other by narrow areas of undifferentiated ectoplasm. 
The dorsal membranelle zone lies slightly behind the anterior end of the body 
and is of the same size as in Epidinium. There are two contractile vacuoles 
lying beneath the dorsal surface. The macronucleus is a straight, elongate 
body lying beneath the right dorsal surface, adjacent to the dorsal edge of 
the skeletal complex. 

Epiplastron appears to be an offshoot from Epidinium along the line of 
increase in the number of main skeletal plates from three to five, and an in¬ 
crease in size of the whole skeletal complex. 

The recent description of Epiplastron spinosum by Dogiel (1932) shows 
in this genus the beginning of a series of species showing progressive caudal 
spination similar to that in the Epidinium eoaudatum series. 

Eplplastran aMeaniuii (Dogiel 1925) 

Figure E 

Ophryoscolex eeaudatus forma afneanus Dogiel 19255, p. 136, fig. 7, 

Spidinium afrtoanum Dogiel 1927, pp. 181-183, fige. 100-102. 

Diagnosis. —^Body relatively long (2.55 dorso-ventral diameters in length) 
and tapered posteriorly; posterior end smoothly rounded. Length 9()-l^ia. 

Occurrence.—Epiplasifon africanum was reported by Dogiel (1925) from 
the antelope (Ehapkiceros sp.) from British East Africa. 



1933] Kofoidr-MacLefman: CiliaU$ from Bos Indiciis Linn. Ill 


19 


SplplMtron tpinomim (Dogiel 1932) 

Spidinitm afrieanum forma spinomm Bogiel 1932, p. 104. 

Diagnosis. —^Body relatively long (2.3 dorso-ventral diameters in length) 
and tapered posteriorly; single, long, narrow ventral spine. Length 98 - 112 /i. 

Occurrence.—Epiplastron africwnum was reported from the impala ante¬ 
lope {Aepyceros melampus) from Africa. 

Relationships. —Dogiel (1932) gave a very short description and no figures 
of this species. He states, however, that it differs from Epiplastron afrieanum 
only in the presence of the long ventral spine. 



Fig, E. Epiplastron afrieanum (Dogiel 1925). 
1, right lateral view; 2, ventral view. 
Bedrawn after Dogiel 1927. x 500 


OPHEYOSCOLEX Stein 

Ophryoscolex Stein 1858, p. 69; 1859, pp. 57-58; Eberlein 1895, pp. 239-251, pi. 16, figs. 
1-7; Cnnha 1914d, pariim, p. 6 (see Epidinium) ; 1914& non Ophryoscolex (for pp. 
60-63, pi. 7, fig. 1, see Epidinium) ; Buisson 1923h, p. 237; Dogiel 1923h, non Ophryos- 
eolex (for pp. 219-232, pi. 37, sec Opisthotrichum) ; 1925&, partim^ pp. 134-135 (for 
pp. 336-137, fig. 7, see Epidinium) ; 1925o non Ophryoscolex (for pp. 57-58, pi. 2, 
figs. 18-20, see Epidinium); 1927, pp. 183-213, figs. 103-117; Becker and Talbott 
1927, pp. 358-359, pi. 3, figs, 26-27. 

Diplodinium Fiorentini 1889, partim, pp. 11-12, pi. 1, figs. 1-2 (for pp. 13-14, pi. 1, 
figs, 3-4, pi. 2, figs. 1-2, see Evdiplodinivm; for p. 14, pi. 2, fig. 3, see Ostracodinium; 
tor p. 15, pi, 2, figs. 4-5, see Diplodinium; for pp. 15-16, 17, pi. 3, figs. 1-2, 4-5, see 
Epidinium; for p. 16, pi. 3, fig. 3, see Eremoplastron). 

Diagnosis.—Ophryoscolecidae with dorsal membranelle zone forming a 
girdle extending thr^-fourths the distance around the middle of the body 
and open only on right ventral side; skeletal complex formed of three plates 
extending the length of the right ventral side; 9-15 vacuoles ranged around 
body in two transverse rows. 

Type species.—Ophryoscolex inermis Stein 1858 from domestic cattle from 
the C.S.R. No type species was designated either by Stein or by later workers 
until Buisson (19236) made a revision of the Ophryoscolecidae based on pre- 
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vious literature. He iinfortimately selected as type species 0. inertnis, which 
has been figured only by Eberlein (1895), whose description and figure are 
manifestly inadequate, particularly in regard to the macronucleus, number 
and position of the vacuoles, presence of skeletal plates, etc. It has been re¬ 
ported since then only by Cui^a (1914) and by Becker and Talbott (1927), 
and they do no more than indicate its presence. Thus the most inadequately 
known and rarest species of the genus is the type species 1 

Review op Literature 

Ophryoscolez was first described by Stein (1858) as the type genus of the 
family he erected at the same time. He gave a very good description including 
the oral region and its method of retraction, the median girdle of cilia, ecto¬ 
plasm, endoplasm, anus, nuclei, and contractile vacuoles. He described 0. 
purkynjei, a common species with a complex array of caudal spines, and 0. 
inertnis, a rare species with a smooth posterior end. He found them to be most 
abundant in sheep, and present in cattle only in small numbers. Fiorentini 
(1889) redeseribed 0. purkynjei as Diplodiniutn vortex. Eberlein (1895) de¬ 
scribed 0. caudatus and gave the first thorough description of its morphology. 
Gunther (1897) added an account of division. Braune (1914) described 
parts of the complex fibrillar system. Dogiel (1927) described four new 
forms (which we consider as species) and in addition did considerable work 
on the variation of spination in this group. One new species is reported in this 
paper from Bos indicus, bringing the total number of species of Ophryoscolez 
to nine. 

Ophryoscolez has to some extent reflected the early uncertainty in regard 
to the proper generic limits of Diplodiniutn. Fiorentini (1889) placed Ophry¬ 
oscolez purkynjei in Diplodiniutn. Later Cunha (1914), Awerinzew and 
Mutafowa (1914), Dogiel (1925) placed the D. ecaudatum group in Ophry¬ 
oscolez. Dogiel (1923) placed a species from African antelope in this genus, 
but Buisson (19235) used it as the type of a new genus Opisthotrichum. Craw¬ 
ley (1923) placed the D. ecaudatum group in a separate genus, Epidinium, 
and since then Ophryoscolez has been the most clearly defined and most stable 
genus of the family. 

Characters of Stbtematio Importahce 

The size and position of the membranelle zones are the most obvious and 
most important characteristics of this genus. The adoral zone is relatively 
small (about one-third the diameter of the body) and inclined ventrally and 
to the left at an angle of abopt 45°. The row of membranelles homologous to 
the dorsal membfanelle zone in Epidinium and other genera is elongated 
and shifted posteriorly, so that it forms a median girdle ound three-quar¬ 
ters of the dreumference of the body. The right end of the girdle lies just 
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dorsal to the skeletal complex in the anterior third of the body, spirals to the 
left and slightly posteriorly, and terminates just ventral to the skeletal com¬ 
plex in the middle of the body. The great increase in the length of the dorsal 
membranelle zone as compared with the homologous zone in Epidinium is 
accomplished entirely through an extension of the left side of the zone. The 
position of the dorsal zone in the middle of the body has changed the oper- 
culiun from a small region, such as occurs in Epidinium, Polyplastron, etc., 
into a region comprising approximately one-third of the whole body. 

The main skeletal complex is composed of three long skeletal plates lying 
beneath the right ventral side of the body. The three plates are shaped 
anteriorly just as the plates in Epidinium, and partly surround and support 
the oral region. The dorsal plate terminates in the middle of the body as in 
Epidinium. The right and the ventral plates, however, continue posteriorly 
to the end of the body and even extend for a distance into the main caudal 
spine. The secondary spines also contain accessory plates conforming in shape 
to the shape of the spines. The plates within the spines of the anterior circlet 
are often connected by short cross-bars to form a single skeletal complex. 
These secondary skeletal plates are as variable as the spines in which they 
occur. 

Longitudinal grooves extending posteriorly from the dorsal membranelle 
zone divide the body into six or seven antimeres. Two of these are occupied 
respectively by the skeletal i)lates and the macronucleus. There is usually a 
pair of vacuoles in each of the other antimeres. 

A complex array of caudal spines is characteristic of all species of Ophryos- 
colex (except 0. inermis, a doubtful species). There is a large main spine, 
formed by a continuation of the antimere containing the main skeletal com¬ 
plex. A small secondary spine, either simple or furcate, arises from each of 
the other antimeres, and these form the first circlet of secondary spines. This 
is present in all species (except 0. inermis). Behind this circlet, and partly 
hidden by it, may be found 1-3 additional circlets of secondary spines. 

There are three groups of species in the genus Ophryoscolex clearly sepa¬ 
rated on the basis of number of vacuoles, character of the main spine, etc., but 
they show a parallel increase of spination by the development of additional 
rows of secondary caudal spines. In other genera, particularly Diplodinium 
and Epidinium, the increase in complexity of spination is by the addition of 
single spines, but in Opkryoscolex the increase is accomplished by the addition 
of complete sets of circlets of secondary spines. 

The detailed structure of the caudal complex is one of the most important 
characters used in the specific classification in this genus. The main spine 
may be long and slender, or short and stumpy, the secondary spines may be 
characteristically simple or complexly furcate, and there may be one to four 
circlets of these. The number of contractile vacuoles varies from 9-15, depend- 
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iag on the speeies. Other features, such as proportions of the bod^, the tilt 
of the oral area, etc., although not so definite as the above characters, are 
useful as additional characterizations of a species. 

Ophzyoseolax inamilt Steia 1858 

Ophryoseolex inermis Stein 1858, p. 70; Eberlein 1805, pp. 240-247, pi. 16, flgs. 1-3; 

Cnnha 1014d, p. 4; Becker and Talbott 1927, p. 358. 

Diagnosis .—Body relatively slender (2.0 dorso-ventral diameters in 
length); posterior end smoothly rounded. Length ITO-lSO/a. 

Occurrence. — 0. inermis has been reported from goats, sheep, and domestic 
cattle from the C.S.B. (Stein 1858) and Germany (Eberlein 1895); Brazil 
(Cunha 1914), and Iowa (Becker and Talbott 1927). 

Stein’s description of this species merely designates it as a form with a 
second group of membranelles distinctly separate from the adoral spiral of 
membranelles and with a smooth posterior end. This description would fit 
Epidinium ecaudatum or Polyplastron multivesiculatum equally well. Eber¬ 
lein’s figure at first glance is referable to Ophryoscolex, but considering the 
incorrectness of the drawing of the macronucleus (on the left side, instead of 
on the dorsal or right side, as in all adequately described species of the family) 
this drawing also could be referred to Polyplastron multivesictilatum. Cunha 
(1914) and Becker and Talbott (1927) list it, but give no description. 

BUISSONI GBOTJP 

The Ophryoscolex buissoni group has a long caudal spine similar to that of 
the 0. caudatus group and also one to two circlets of secondary caudal spines. 
There are only five spines in the anterior circlet instead of six as in the 0. 
caudatus group and these spines are simple or bifurcate instead of trifurcate 
as in 0. caudatus. Thus in spination, the 0. buissoni group is simpler than the 
O. caudatus group. 

There are fifteen vacuoles present in the 0. buissoni group, ten in the an¬ 
terior circlet and five in the posterior circlet. In number of vacuoles alone 
the 0. buissoni group shows an increase in complexity over the 0. caudatus 
group. 

There are two species in this group, 0. buissoni with a single circlet of sec¬ 
ondary caudal spines, and 0. bidnctus with two. 

OpbzyoBcolex buissoni Dogiel 1927 

Ophryoieolex buUaoni unidnetiu Dogiel 1927, pp. 185-192, figs. 103-105. 

Ophryoscolex huiseoni unieinetus aberration simplioispinosvt Dogiel 1927, p. 187, fig. 

105. 

Diagnosis .—^Body relatively stout (2.0 dorso-ventral diameters in length; 
long, slender main caudal spine; a single circlet of five secondary caudal 
spines; ten contractile vacuoles in anterior row, five in posterior row. Length 
125-165^. . • 

Occurrence .—^Dogiel (1927) reports 0. buissoni from dieep aq4 cattle (one 
host) from Sebastopol, tr.S.S.B. 

Relationships .—^This is the simplest form of the genus Ophryoscolex. 
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Oj^ityoacotex blclnctos Dogiel 1927 

Ophfjfoseoiex buittoni foraa bieinetvs Dogiel 1927, pp. 192-194, figs. 106-107. 

Dtagnosia. —^Body relatively stout (1.8 dorso-ventral diameters in length); 
long, dender main caudal spine; two circlets of secondary spines, anterior 
circlet composed of five spines; ten contractile vacuoles in anterior row, five 
in posterior row. Length 130-170/*. 

OccMrence.—^Dogiel (1927) reports O. hicinctus from sheep from Turkestan. 

Relationships. — 0. hicinctus differs from 0. buissoni only in the addition 
of a small circlet of spines posterior to the primary circlet. 


PUKKYNJEI GEOUP 

The main caudal spine of this group is very short and stubby and may be 
hardly more than a bluntly pointed lobe. The middle plate of the main skele¬ 
tal complex extends to the tip of this main caudal spine. There are two to three 
rows of secondary caudal spines, the anterior row being composed of six 
spines. There are nine or ten contractile vacuoles arranged in two rows. The 
number of secondary spines and the number of vacuoles show that this group 
is more closely allied to the 0. eaudatum group than to the O. buissoni group. 
It is separated from both by the short, heavy main caudal spine. 

There are two species in this group, 0. spinosus with two circlets of sec¬ 
ondary caudal spines, and 0. pvrkynjei with three circlets. 


Opliryoecolez q^inosns sp. nov. 

Plate 1, figure 6; figure C, 3-4 

Diagnosis. —Body relatively slender (1.59-2.14 dorso-ventral diameters in 
length); main caudal spine short; two rows of accessory caudal spines; 
spines of anterior row usually simple; ten contractile vacuoles. Length 122- 
160/* (10 specimens). 

Description. —The body is relatively slender (1.59-2.19 dorso-ventral diam¬ 
eters in diameter) compared to the 0. caudatus and 0. buissoni groups. The 
proportions of 0. spinosus and 0. purkynjei are very similar. The surfaces 
of 0. spinosus are strongly convex except the middle of the ventral side, which 
is slightly<concave, and the anterior two-thirds of the left ventral side, which 
is nearly plane. The body is divided into seven sectors by shallow, longi¬ 
tudinal grooves. These sectors are particularly well marked posterior to the 
dorsal membranelle zone. Two of the sectors may be designated by the or¬ 
ganelles included within them, i.e., the skeletal sector and the macronuclear 
sector. It is often convenient to orient other organelles by reference to these 
main sectors. 

•The oral area (0.40-0.56 dorso-ventral diameter in diameter) is inclined 
ventrally at an angle of about 40° and to the left at an angle of about 20°. 
The anterior end of the dorsal zone arises near the dorsal 8il;eletal plate at the 
level of the anterior end of the macronucleus. The zone extends to the left and 
posteriorly, terminating near the ventral skeletal plate at the level of the 
micronudeus. 
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The caudal complex is relatively simple as compared with the complex in 
such forms as 0. caudatus and 0. purkynje*. There are two caudal circlets 
of spines (fig. G, 4). The anterior circlet is composed of simple, or occasionally 
bifurcate, spines, one for each sector of the body except the skeletal sector. The 
posterior circlet is just behind the main circlet and partly hidden by it. The 
spines of the posterior circlet are bifurcate or trifturcate. The number of 
spines in this circlet is always less than the number of spines of the anterior 
circlet, usually four or five. The anterior row of spines is stable in number 
and form of spines, while the posterior row is highly variable. In the skeletal 
sector the body is prolonged to form the short, heavy, main spine (0.14-0.28 
dorso-ventral diameter in length). Two small accessory spines arise on the 
dorsal side of the main spine, and one on the ventral side. The whole caudal 
complex of 0. spinosus is compactly arranged with the spines curved inward. 
This gives the posterior end a relatively smooth outline continuous with the 
curvatures of the rest of the body. 

The cuticle is covered with fine longitudinal striations. The main skeletal 
complex is composed of three adjacent plates as in Epidinium. The anterior 
end of the skeletal complex surrounds the oral area except on the left dorsal 
side. The dorsal plate extends from the operculum to the level of the micronu- 
clens. The median plate extends from the right side of the oral area to the tip 
of the main caudal spine. The ventral plate extends from the ventral side of 
the oral area beneath the ventral side of the right surface and terminates near 
the base of the main caudal spine. 

Small triangular accessory skeletal plates occur in most of the caudal 
spines. The accessory plates of the anterior caudal circlet of spines are usually 
united to form a single complex by narrow connecting bars between the bases 
of the spines. The small plates occurring in the other spines do not appear to 
be connected. 

The inacronucleus is an elongate body (0.76-1.10 dorso-ventral diameters 
in length) adjacent to the dorsal edge of the main skeletal complex. The mi¬ 
cronucleus is a small ellipsoidal body, 5-8>i in diameter, lying in a shallow 
depression in the right dorsal side of the macronucleus. 

There are ten contractile vacuoles present, arranged in pairs in each sector 
of the body except the skeletal and macronuclear sectors. The anterior vacuole 
of each pair is usually the larger. The excretory canals and pores are relatively 
conspicuous. 

The oesophagus extends posteriorly from the mouth and toward the right 
surface. The fibrils lining it are fine and difficult to see except in sections. The 
boundary layer is well developed. The endoplasmic sack extends from a level 
just behind the oral area to the posterior end of the body. The rectum is a 
narrow, ectoplasmic structure in the postero-ventral end of the body. The 
anus lies witl^ the anterior circlet of spines near the base of the main caudal 
spine. 

The food consists of bacteria and small flagellates. 

Measurements .—The following measurements were made from 10 speci¬ 
mens picked at random from Bos indicus. 


Aids Hicro&s Proportional 

Length. 146(122-160) 1.92(1.50-2.14) 

Trawidiaineter... 73( 63- 80) 0.97(0.87-1.00) 

Dorso-ventral diameter.:i. 75( 63- 82) 1.00 

Macronucleus. 78 ( 60- 86) 0.96(0.76-1.10) 

Oral area.-. 30( 80- 40) 0.44(d.t0-0ii6) 

Caudal Sirfne... 14( 10- 20) 0.19(0.14-0.88) 
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Occurrence. —0. spimosus is present in small numbers in two of the Bos 
indicus from Coonoor, India. 

Relationships. — 0. spinosus is a type similar to 0. purhynjei, but with two 
rows of spines instead of three as in the latter species. These two species are 
in the same relationship as 0. bicoronatus and 0. caudatus. 

Opliryoscolex pnrkynjel Stein 1858 

Ophryoacolex purkynjei Stein 1858, p. 70; Eberlein 1895, pp. 250-251, pi. 16, fig. 5; 
Braune 1913, pp. 43-56; Cunha 1914&, pp. 58, 60, 63; Buisson 1923a, pp. 128-129, 
fig. 47; Bogiel and Pedorowa 1926, pp. 257-268, 2 figs; Fantbam 1926, p. 568; Dogiel 
1927, pp, 206-210, figs. 115-116. 

Diplodinium vortex Fiorentini 1889, pp. 11-12, pi. 1, figs. 1-2. 

Diagnosis. —Body relatively slender (1.94 dorso-ventral diameters in 
length); main spine short and stout, with three small spines projecting from 
it; three circlets of secondary spines; spines of anterior row usually three- 
pronged ; nine contractile vacuoles. Length, 155~215/i. 

Occurrence.—Ophryoscolex purkynjei has been reported from cattle, sheep, 
and goats from the C.S.R. by Stein (1858), from Germany by Eberlein (1895) 
and Braune (1913), from various parts of the U.S.S.R. by Dogiel (1927), 
from South Africa by Fantham (1926), and from Brazil by Cunha (1914). 

Relationships. —The lack of a long ventral spine separates 0. purkynjei 
and 0. spinosus, its most nearly related form, from the other species in the 
genus. 


CAUDATUS GROUP 

This group is most clearly characterized by a long, slender main caudal 
spine. In addition to this main spine there are two to four circlets of second¬ 
ary spines around the posterior end. The anterior circlet in the species of this 
group is composed of six spines, each of them usually trifurcate. There are 
nine contractile vacuoles arranged in two transverse bands around the body, 
one band just posterior to the median girdle of membranelles (dorsal zone) 
and the other at the base of the anterior circlet of secondary caudal spines. 
There are four vacuoles in the anterior row of vacuoles and five in the pos¬ 
terior row. The number of vacuoles and the number of spines of the anterior 
circlet separate the Ophryoscolex caudatus group from the 0. huissoni group. 

There fire three species in the 0. caudatus group: 0. bicoronatus, with two 
circlets of secondary caudal spines; 0. caudatus, with three circlets; and 0. 
quadricoronatus, with four circlets of secondary spines. 


C^liryoscolex blcoronatmi Dogiel 1927 

Ophryoacolex caudatua forma hicorowit%ia Dogiel 1927, pp. 195-199, figs. 108-109; 
Hsiung 1931, p. 38. 

Ophryoacolex caudatua forma hiooronatua aberration atavua Dogiel 1927, pp. 195, 198, 
fig. 109. 

Diagnosis .—^Body relatively stout (1.76 dorso-veatral diameters in length); 
long, slender main caudal spine; two circlets of caudal spines, anterior circlet 
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composed of 6 spines, posterior circlet composed of 2 or more spines; 9 con¬ 
tractile vacuoles. Length 120-170fi. 

Occurronco. —^Dogiel (1927) reports Ophryoocolex hicoronatus from dieep 
from Sebastopol, U.S.S.B. and Hsiung (1931) reports it from sheep from 
China. 

Belationships. —0. hicoronatus, like 0. hidnctus, has only two circlets of 
secondary spines, but has one more spine in the anterior circlet. 


Opluyoscolex eandatns Eberlein 1895 

Ophryoaeolex eaudatua Eberlein 1895, pp. 247-250, pi. 16, fig. 4; Giinther 1900, pp. 641- 
648, figs. 1-6; Buisson 1923a, pp. 129-130, fig. 48; Fantbam 1926, p. 568; Becker and 
Talbott 1927, p. 258, fig. 26. 

Ophryoaeolex eaudatua forma tricoronatua Dogiel 1927, pp. 199-202, figs. 110-111; 
Hsinng 1931, p. 38. 

Diagnosis. —Body relatively stout (1.65-1.70 dorso-ventral diameters in 
length); long, slender main caudal spine; three circlets of secondary spines, 
anterior circlet composed of six spines; nine contractile vacuoles. Length 
137-162/i. 

Occurrence.—Ophryoscolex caudatus has been reported from sheep and 
cattle from Germany by Eberlein (1895) and by Giinther (1900) ; from South 
Africa (Pantham (1926) ; from Iowa by Becker and Talbott (1927) ; from 
China by Hsiung (1931) ; from various parts of the U.S.S.R. and from Per¬ 
sia by Dogiel ( 1927). 

Belationships. —0. caudatus, the commonest species of the genus, has three 
circlets of secondary spines, thus standing between 0 . hicoronatus and 0.- 
quadricoronatus. 


Opbryoflcolex cnadzlcoronstiu Dogiel 1927 
Ophryoaeolex eaudatua forma quadricoronatua Dogiel 1927, pp. 202-206, figs. 112-114. 

Diagnosis. —Body relatively stout (1.7 dorso-ventral diameters in length); 
long, slender main caudal spine; four circlets of secondary spines, anterior 
circlet composed of six spines; nine contractile vacuoles. Len^h 163^ (128- 

180/a). 

Occurrence. —^Dogiel (1927) reports 0. quadricoronatus from domestic 
sheep from Bokhara, Turkestan, and from Ovis orientalis cycloceros from 
northern Persia. 

• Belationships. —0. quadricoronatus possesses the most highly developed 
set of posterior spines in the whole family. Its nearest relative is 0. caudatus. 
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OCCUBRBNCB OP GBNBRA AND SPBCIBS IN BOS INDICV8 

The same method of counting followed in the first paper of this series was 
used to obtain the following data. The species of Epidininm and Ophryoseo- 
lex are listed separately, the rest of the Ophryoscolecidae (exclusive of Ento- 
dinium) are lumped together. 



Coonoor, India 

Colombo, Ceylon 

Number 
of hosts 
infected 

1 

2 

-1 

3 

16 

17 

6 

7 

14 

16 

Epidinium caudatum . 






.... 


4 

8 

2 

hicaudatum . 




I 


.... 



2 

1 

tricaudalum . 

i 







.... 

3 

1 

quadricaudatum . 








.... 

P 

1 

catianei . 




p 

.... 

p 

2 



3 

eberleini . 

— 


2 


1 

13 


7 


4 

Ophryoscolex spinosus . 



p 


P 





2 

Other Ophryoscolecidae. 

100 

100 

98 


99 

87 

98 

89 

87 



The numbers at the head of the columns refer to the original numbers of 
the collections. 

The numbers in the columns indicate the percentage occurrence of indi- 
viduals of each species. P indicates that the species is present, but in such 
small numbers that it was not found during the counting of one hundred indi¬ 
viduals from each host. 

This table shows clearly that Epidinium is rare in Bos indicus, particu¬ 
larly in comparison with the large numbers found in the European domestic 
cattle (Bos taurus) in which Epidininm is a very common form. Only two 
species of Epidinium were found in the hosts from Coonoor, India, while six 
species were found in the hosts from Colombo, Ceylon. They are also far more 
abundant in the Ceylonese hosts. On the other hand, Ophryoscolex is found 
only in two of the Indian hosts. These differences between the fauna of the 
Indian forms and the Ceylonese forms are the most striking which have been 
found in the whole ciliate fauna of Bos indicus. 
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HOLOTRICHOUS CILIATES 

The holotrichons ciliates found in ruminant stomachs were always badly 
distorted by the fixing fluids used. Isotricha, which is an elongate, flattened 
organism in life, appears as a short, rotund pear-shaped form after fixation. 
For this reason, it does not seem worth while to give a description of the holo- 
trichous ciliates from Bos indicus, since only fixed material is available. 

Isotricha prostoma Stein-1859, and Dasytricha ri/iminantium Schuberg 
1888 are the common ciliates of this group in the material from Bos indicus. 
Isotricha intestindis was not found in this material. Butschlia parva Schu¬ 
berg 1888 is less common, and was the only species of this genus identified in 
this collection. Charon ventricidi Jameson 1925 is very rare in Bos indicus. 


DISCUSSION 

Extensive studies on the ciliates from ruminants, both wild and domesti¬ 
cated, by Dogiel (1921-32) and cross-faunation experiments by Becker, 
Schulz, and Emmerson (1930) have shown that there is very little specificity in 
the relationship between the ciliates and their hosts. A few genera, Caloscolex 
(from the camel), Cunhai (from Cavia), Opisthotrichum (from African an¬ 
telope), and Epiplastron (from African antelope) are found only in a single 
species of host or in a group of closely related species of hosts. A few genera, 
while present in many different hosts, appear to be better adapted to one. 
Ophryoscolex and Polyplastron are found in both cattle and sheep, but are 
far more common in sheep and are only occasionally found in cattle. These 
few examples of restriction in host species, however, seem to be far overbal¬ 
anced by the large number of cosmopolitan species and genera. Correspond¬ 
ing with this lack of host specificity, there has been reported little specificity 
in geographical distribution of the Ophryoscolecidae. Recently, however, 
some evidence has come up to show a certain amount of geopraphical segre¬ 
gation. Dogiel (1932) finds that the ciliate fauna of antelope of three regions 
of Africa—Congo, Uganda, and East Africa—show significant differences. 

The only report on ruminant material from either India or Ceylon previous 
to the present series is on material from the mouse deer {Tragulus memirma) 
from Ceylon. Dobell (1910) stated that the stomach contents of this small 
ruminant contained many ciliates of the Ophryoscolecidae. Jameson (1925), 
to whom Dobell’s material was given, described one new species {Entodinium 
ovalis), and noted the presence of several other species which he considered 
to be identical with the species from European cattle, although the forms from 
the mouse deer showed striking differences from the European fierms in such 
characters as spination, shape of the body, and number of vacuoles. 
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The majority of ciliates from Bos indicus are found in other parts of the 
world, but a few are apparently found only in Asia. The D. crista-galli group 
(Z>. laeve, D. ctista-galU, and D. fldbellum) have been found only in Northern 
Persia and in India and Ceylon. Elytroplastron hubM is found in three dif¬ 
ferent hosts {Buffelus bubalus, Bos indicus, and domestic sheep) all from 
Asia. Entodinium bimastus has been found in three hosts (domestic cattle, 
Buffelus bubalus, and Bos indicus) from Asia and European U.S.S.B. All 
these species of ciliates are easily recognized and have been reported at va¬ 
rious times, so it is probable that this restriction in distribution is real and not 
due to insufficient reports. 

These indications of natural restriction of certain genera and species, 
either to particular hosts, or to a particular region, in spite of a lack of any 
fundamental specificity of host-parasite relationships, emphasize the need of 
careful studies of the ciliate fauna of ruminants, both wild and domesticated, 
in different parts of the world. Although the ciliate fauna of widely differing 
types of ruminant hosts may be artificially transferred, and although such 
transfer is possible and probable under natural conditions, as shown by the 
wide distribution both in location and in number of different hosts of such 
forms as Eudiplodinium, Epidinium, etc., the more or less limited distribu¬ 
tion of some genera and species indicates that possibilities of transfaunation 
are hindered by geographical barriers or by slight physiological variations of 
hosts which render them unsuitable for certain species of ciliates. These ques¬ 
tions can only be settled by careful studies of many species of hosts in the same 
locality and the same species of hosts in widely differing localities. 


SUMMARY 

1. The genus Epidinium is restricted to those species with three skeletal 
plates, and a new genus Epiplastron erected for those with five plates. Six old 
species of Epidinium are redescribed from the material from Bos indicus. 

2. The genus Ophryoscolex is represented by one species, 0. spinosus, a new 
species. In Bos indicus. 

3. Four holotrichous ciliates were identified in the material from Bos indi¬ 
cus: Isotricha prostoma Stein, Dasytricha ruminantium Schuberg, Biitschlia 
parva Schuberg, and Charon ventriculi Jameson. 

4. Six species of Epidinium were found in the material from Colombo, Cey¬ 
lon, and only two species in the material from Coonoor, India. Ophryoscolex, 
on the other hand, is found only in two of the Indian hosts- These are the only 
striking differences found between the ciliate fauna of the Indian hosts and of 
the Ceylonese hosts. 
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EXPLANATION OP PLATE 

All figures are from whole mounts stained with ehlor*sinc-iodide and drawn with camera 
lueida. x 500. 

Fig. 1. Epidiniwn caudatum (Fiorentini 1889). 
'Fig.2.Epidiniumtfieaudatum (Sharp 1914). 

Fig. 3. Epidinium quadricaudatum (Sharp 1914). 

Fig. 4. Epidinium }>ioaudatum (Sharp 1914). 

Fig. 5. Epidinium eherleini (Ounha 1914). 

Fig. 6 . Ophryosoolex spinosua sp. nov. 

Eig. 7, Epidinium oattanei (Fiorentini 1889). 
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A CORRELATION OF THE SILVERLINE AND 
NEUROMOTOR SYSTEMS OF PARAMECIUM 


BY 

EVEEETT EUGENE LUND 


INTRODUCTION 

Paramecium has been so extensively studied that one is impressed in look¬ 
ing over the literature with the number of techniques that have been employed 
to this end. Many of these methods have demonstrated structures previously 
uqdescribed, or described in a different way; and frequently no agreement 
has been reached on the causes of the discrepancies. There exist at this time 
such differences of interpretation of the fibrillar system of Paramecium, and 
it is the hope of the writer that this presentation may contribute toward har¬ 
monizing these conflicting views. 

Acknowledgments 

I am greatly indebted to Dr. Charles A. Kofoid and Dr. Harold Kirby, Jr., 
for the encouragement and criticism they have so generously given through¬ 
out the progress of this inve.stigation. 


REVIEW OP LITERATURE 

The work on fibrillar .structures in Protozoa has been so completely and ably 
reviewed by tenKate (1927) that it seems unnecessary to mention here more 
than those researches that have an immediate bearing on the problem of fibrils 
in Paramecium. The historical sketch of Parker (1929) gives an excellent 
account pf the early work on ueurofibrils, particularly those found in meta¬ 
zoan cells. 

The work of Englemann (1880) laid the foundation for much of the early 
investigation of the mechanism of the movement of cilia. Most of Englemann’s 
observations were, to be sure, on metazoan cells; but Carchesium was given 
some attention. Except for the excellent work of Maupas (1883), almost two 
decades passed without further contributions to the problem we are now con¬ 
sidering. Three points are of particular interest in Maupus’ discussion. In the 
pellicular pattern of Paramecium he described only rectangular fields; in the 
gullet he described an undulating membrane with a basal plate, composed of 
numerous rows of basal granules resting on a homogeneous basal lamella; and, 
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lastly, he found the outer end of the trichocysts to he of a material less dense 
and more hyaline than their general composition. Of the first two points in 
particular we shall have occasion to speak later. 

Heidenhain (1899) was apparently the first to demonstrate fibrils, basal 
granules, and cilia in approximately their correct relationship by the use of 
mercuric chloride as a fixing agent, and iron-haematoxylin for staining. His 
work, which was largely on ciliated epithelium, confirmed the results obtained 
by Englemann. His description of the nature of the connections between the 
basal granules was clearer than previous accounts, and it is noteworthy that 
he encountered, and mentioned for the first time, to the writer’s knowledge, 
the great difficulty of distinguishing an actual connection from an apparent 
one that was effected by the close proximity of the granules. 

Peter, also in 1899, by a series of experiments in cell dissection, tried to lo¬ 
cate definitely the seat of ciliary movement, and finally concluded that the 
basal granule was the actual center responsible individually for the activity 
of its cilium. 

The work of Kolsch (1902) on Paramecium aurelia and other Infusoria is 
worthy of consideration here in that for the first time the hexagonal pattern 
of the pellicular sculpturing was recorded. His figure of this somewhat exag¬ 
gerates certain proportions, and the position of the trichocysts is entirely out 
of harmony with that presented by the majority of workers, since he incor¬ 
rectly located them in the centers of the hexagons. Like Maupas, however, 
he correctly found the cilia to protrude from the centers of the pellicular 
polygons. 

The following year Maier (1903) described the pellicle of Paramecium as 
being made up of hexagons, more regular and more realistic than those of 
Eolsch; and he too found the cilia arising from the centers of the dimples 
(“Grubchen”), a term he accredits to Biitschli and Jankowsky. Maier, in op¬ 
position to Maupas, believed the outer extremity of the trichocyst filament to 
stain more deeply than the rest. The work of Neresheimer (1903) on Para¬ 
mecium yielded only negative results, contributing little. 

The excellent work of Schuberg (1905) displayed a pellicular pattern of 
hexagons on the dorsal side of Paramecium, and rhomboids on the ventral 
side, at least in places. Furthermore, he found the longitudinal fibrils con¬ 
necting the basal granules, and located the trichocysts in their correct posi¬ 
tion, in the centers of the anterior and posterior sides of the polygons. He 
figured a few at the comers of these fields, and it is not certain that he was 
incorrect in this, although it is a very infrequent occurrence, if happening at 
all. Schuberg offered a good description of the trichocysts themselves, having 
found not only their delicate connection to the outside, but knob-like en¬ 
largement at the surface, which be believed to stain less intensely than the 
rest. 
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The observations of Brodsky (1908) on Frontonia are of interest because 
of the conclusions concerning the nature of the trichocysts, which are prob¬ 
ably similar to those of Paramecium, Broddiy presented three significant 
points, namely: that the trichocysts were arranged in a regular pattern, fig¬ 
ured as they are commonly believed today to be; that the substance of a tri- 
chocyst was a fluid or semi-fluid enclosed in a membrane; and that the cause 
of the discharge was purely chemical, but the result was accomplished in part 
mechanically by interaction of the trichocysts and the ectoplasm. 

Khainsky (1910) working on P. caudatum, found the pellicular structure 
as Schuberg has described it, but he set forth the theory that the quadrilat¬ 
erals were formed from the hexagons by stress on sides with unequal strengths. 
The cilia Khainsky placed correctly, but the trichocysts he found at the cor¬ 
ners of his polygons. He figured ciliary rootlets, and stated: ‘^Die Basalkor- 
perchen sind nicht die Endpunkte des inneren Teiles der Cilien; von Basal- 
kbrperchern geht in Corticalplasma eine feine Fibrille ab, die nach der 
Brombehandlung deutlich gefarbt wird.’’ He described two layers in the 
ectoplasm, and identified clearly internally discharged trichocysts. His inter¬ 
pretation of the mechanism differs only slightly from that of Brodsky. It is 
interesting to note that Khainsky followed fixation in bromine water with a 
0.1 to 0.5 per cent solution of silver nitrate. This, he said, gave silver bromide 
that upon reduction deposited colloidal silver upon various structures. This 
technique so closely resembles those used at present in studies of the “silver¬ 
line system,’’ it is strange that he did not obtain similar results. 

Tonniges (1914) confirmed most of the results of Schuberg and Brodsky on 
trichocysts, and added much concerning their origin that is not related to the 
problem considered in this paper. 

Also in 1914 came the declaration by Sharp of a ‘‘neuromotor apparatus” 
in Diplodinium ecaudatum, a turning point in the interpretation if not in the 
demonstration of fibrillar systems in ciliates. He introduced into common 
usage for such structures two methods of fixation and staining that have since 
been extensively employed, namely, the Zenker-Mallory method and the 
Schaudinn iron-alum haematoxylin method. The following year Kofoid (Ko- 
foid and Swezy, 1915) pointed out that the “motor apparatus” of certain 
flagellates indicated a broader application of the neuromotor concept than 
had formerly been evidenced. He states (p. 307), “Analogy to the neuro¬ 
motor apparatus of Diplodinium as described by Sharp (1914) is suggested 
by the structural relations.” By Sharp’s methods, and others, Yocom (1918) 
demonstrated a neuromotor system in Euplotes; McDonald (1922), in Balan¬ 
tidium; Rees (1922), in Paramecium; Campbell (1926 and 1927), in Tin- 
tinopsis and Pavdla; Pickard (1927), in Boveria; Visscher (1927), in 
Dileptus; MacDougall (1928), in Chlamydodon; Lynch (1929, 1930), in 
Entorhipidium and Leckriopyla; and MacLennan and Connell (1931), in 
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Eupoterion. Taylor (1920) demonstrated conclusively, by the method of mi¬ 
crodissection, that the system previously described by Yocom actually serves 
a correlating function. Gelei (1925), by various methods, such as Altmann’s 
followed by acid fuchsin and light green, and Apathy's fixing fluid, followed 
by iron-alum haematoxylin, was able to bring out in P. nephridiatum a fib¬ 
rillar system comparable in many ways with those found in other Protozoa 
by the workers mentioned above. It did not agree, however, with the system 
found by Rees, but Gelei in a later work (19295) reconciled this feature by 
assuming the presence of both systems. 

In 1922 Alverdes published the results of some investigations on ciliary 
movement. He forced out of Paramecium by pressure some material which 
seemed to promote the movement of cilia. This he referred to as ‘‘hyaline 
drops," since it appeared as such on the surface of the flattened animal. Cilia 
whose basal granules rested in this hyaline material beat longer and more 
vigorously than others merely in the culture fluid, and they were correlated in 
their movement. In one occurrence of animals sharing the same hyaline drop, 
it was observed that their cilia beat in unison. This might have been a coin¬ 
cidence. 

Bozler in 1924 published a treatise on the food-taking organelles and the 
mechanism of feeding in P. caudatum. Much of his work was done with living 
animals, but the stained preparations were, for the most part, fixed in Flem¬ 
ming's, sectioned to 4 microns, or left as whole mounts, and stained with iron- 
haematoxylin. He gave an excellent general description of the gross structure 
of the cytostome, cytopharynx, and gullet, and worked out the ciliation of 
these regions, studying the movement of the different groups and what each 
accomplished. Bozler described for the first time a set of heavy fibrils proceed¬ 
ing posteriorly from the distal end of the gullet, the stomodeal fibrils, and was 
probably the first to get a clear conception of the blind pocket at the posterior 
and ventral extremity of this region. He was preceded somewhat in his 
description of the cytopharynx and gullet by Rees, especially, who had ob¬ 
served both the anterior and posterior zones, and had questioned their mem- 
branelle nature. Bozler's work is, however, somewhat more convincing than 
Rees’s, since it is more adequately described and includes so much experi¬ 
mental evidence. 

In his study of Stentor, Dierks (1926) reviewed most of the fibrillar litera¬ 
ture, studied the ciliation of his animals carefully, and decided, as Maupas 
had done for Paramecium, that the basal granules of the membranelle were 
arranged as clpsely.set points, resting or anchored in a “thick, structureless 
and rectangular’’ basal lamella. Like Heidenhain, he realized^ Jhe difiBculty 
of distinguishing between actual and apparent connections between the gran¬ 
ules, and his decision was rendered as follows: “Die von friiherer Autoren 
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beschriebenen ‘Endfadchen’ und ‘Basalfibrillen^ sind optische Tragbilder be- 
dingt durch die Torsion nnd dachziegelartige Aneinanderlagerung der Basal- 
lamellen/’ 

R4nyi (1926) attacked the problem of finding in cells the seat of ciliary 
movement. He disagreed with the conclusions of Peter, and insisted that the 
basal granules alone were not suflScient to promote movement of the attached 
cilia. Prom observations of ciliated cells of embryos he considered that pos¬ 
sibly the mitochondria and other cell inclusions might be associated with the 
basal granules in that capacity. After working on Paramecium and Opalina, 
he accepted the ‘ * hyaline drop ’ ^ idea of Alverdes seriously. 

Leibermann in 1929 applied the nigrosin method of Cole to eight species of 
Paramecium, in an effort to determine whether or not pronounced differences 
in pellicular pattern occurred. He obtained staining results entirely similar 
to those of Bresslau (1921), Gelei (1925), and Klein (19266,1928) who had 
used other relief or surface staining methods. He concluded from his study 
that the differences in this respect between the species were not greater than 
the differences within a species, and consequently were of no diagnostic value. 

Brown (1.930) described the neuromotor apparatus of Paramecium from 
material fixed in Mannas osmic acid-corrosive sublimate solution and stained 
in thionin. A modification of Liebermann’s method was used for pellicular 
study. His observations of the surface pattern and subpellicular structures do 
not differ greatly from those of earlier workers. Like Khainsky, he placed the 
triehocysts at the corners of the polygons. Since he used only whole mounts, 
and had no penetrant stain that permitted easy observation at any optical 
level, his system is entirely the superficial portion of what actually exists. 

Recently there has become poi)ular the silver impregnation method of dem¬ 
onstrating fibrils apparently of conductile nature. The method is not new, 
having been used by Golgi in 1875, and in quite a different technique by Ra¬ 
mon y Cajal in 1903. The introduction by Klein (1926a, 6) of a much quicker, 
simpler, and more spectacular modification of the silver impregnation meth¬ 
ods formerly employed undoubtedly accounts in ])art for the widespread 
application of this technique. According to this method, the organisms are 
fixed by drying, and the reduction of silver nitrate by reflected sunlight de¬ 
posits colloidal silver on certain structures, which are referred to collectively 
by Klein as the ‘‘silverline system.” Klein has studied this system in no less 
than sixty-one species of Infusoria, belonging to fifty-one genera (1926a, 6, 
1927a, 6,1929,1930a), and on eight genera of flagellates (19306) ; and he has 
written voluminously in defense of his method. Numerous other researchers, 
among them Gelei (19296), Jirovec (1929), Lynch (1930), and Jacobson 
(1931), have tried Klein's technique on various Protozoa, and no results 
have been reported conflicting with the observations of the originator of the 
method. His interpretation, however, has occasioned considerable dispute. 
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Still more recently Gelei and Horv&th (1931) have obtained good results 
■with yet another silver impregnation method, called by them the “wet silver 
method,” as opposed to the drying fixation of Klein. It is asserted to be 
equally as rapid as the dry method, and to have several advantages which, 
briefly enumerated, are: (1) the animals are less distorted, (2) they are more 
transparent, (3) the pellicle is not deeply colored, (4) the cytopharynx is 
impregnated throughout its entire length, and (5) not so many constant and 
uncontrollable factors are essential as are necessary with Klein’s method. In 
group five fall such considerations as the position of the animals at the time of 
drying, the pH and salt content of the reagents, and the humidity of the at¬ 
mosphere. Gelei (1932), using this method, has apparently found some of the 
finest structures so far known in Paramecium to be clearly demonstrated. 

Jacobson recently (1931) has studied the fibrillar systems of a number of 
different ciliates, fixed and stained according to several methods. For whole 
mounts the organisms were frequently fixed in Zenker’s (strong) or in formol 
osmium, and stained according to the toluidin blue method used by Gelei 
(1925). An alternative was the use of osmic acid vapor and opal blue. Klein’s 
method was also employed. For sectioning, the material was fixed in Schati- 
dinn’s or mercuric chloride solution (both hot and cold), or mixtures of Zen¬ 
ker’s and Flemming’s fluids. The Protozoa were cut at thicknesses from 1 to 
20 microns, and stained with Heidenhain’s hnematoxylin, Mallory’s, or by the 
gold chloride method of Apathy. On the results of these techniques Jacobson 
has considered, and seriously criticized in places, the interpretations of the 
fibrillar structure of Paramecium given by Rees, Klein, and Gelei. We shall 
find it necessary to refer to this article on many occasions as we continue. 


The Peesent State op KNOwiiEDOE op the Fibeillab System op 

PAEAMECrUM 

In order to bring before the reader as clear a picture as is possible of the 
fibrillar structure of Paramecium as it is kno’wn from the literature to date, 
there is presented below a composite summary of the results obtained by pre¬ 
vious investigators. 

The surface of Paramecium has on it a pattern made up of adjacent poly¬ 
gons, mostly hexagons, although on the ventral side, especially in the region 
of the mouth, anal opening, and sutures, they may be irregular. Quadrilat¬ 
erals are the most common departure from the hexagonal design. It is possible 
that the area of irregularity of pattern is greatly increased by drying, shrink- 
{^e, and other unnatural physical conditions. In P. nephridiatum as described 
by Gelei (1925) rhomboids apparently predominate. Klein (19§6&, 1931) is 
of the opiniott that this pattern represents an “indirectly connected” eon- 
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ductile system. Gelei apparently believed at one time that the lines repre¬ 
sented actual fibrils, but of a supporting nature, for he said (1929a, fig. 1, p. 
276): Unter der Pellicula folgt die Skelettfibrille (Silberlinie von Klein) 
und darunter der neuroplasmatische Strang von mir. ’ ’ But in a later work his 
stand on this is doubtful, for he stated (1929b, p. 187): “Dieses indirekte 
System ist nicht weiteres als altbekannte pelliculare Gittersystem der Cilia- 
ten, das als Skeletgitter zur Bewahrung der statischen 2ustande des Korpers 
dient und mit der Beizleitung gar nichts zu tun hat.” Jacobson (1931, p. 62) 
expressed a similar opinion regarding the surface pattern, stating: “Naeh 
den Ergebnissen von L. Peschowskaja (1928) wiirde aueh Paramecium in 
diese Grupp gehoren, da naeh ihren Beobachtungen die Fasern des direkt 
verbindenden System die Basalkorner nicht verbinden, sondem in einem 
anderen Niveau seitlich neben ihnen verlaufen. “ 

Prom the depressed centers of the pellicular polygons protrude the cilia, 
each of which has at the proximal end a basal granule imbedded in the ecto¬ 
plasm. These basal granules are connected by longitudinal fibrils, so that those 
in each row of polygons give the effect of a string of beads. Klein (1926b, 
3931) and Gelei (1932) have found that in some specimens cilia are equipped 
with groups of two or three granules at their bases instead of the single basal 
granules usually described. Moreover, Gelei claims that frequently the basal 
equipment of a cilium is a ring and not a solid granule, as is commonly ac¬ 
cepted. Often, he says, in P. caudatum two cilia arise together in the center 
of the same polygon, especially in the region of the oral groove. Brown has 
described transverse “commissural neurofibrils” as being tjqjically present 
in P. caudatum, and Gelei has found similar structures in P. nephridiatum. 
Other investigators believe the presence of these fibrils to be exceptional. 

Each trichocyst is fastened by a fine filament to the pellicle, where the outer 
end is marked by a slight enlargement. There is disagreement over the ques¬ 
tion whether they are otherwise free or are connected to the longitudinal body 
fibrils. There is even more disharmony regarding their position of attachment 
to the pellicle, and the pattern they present. Most workers find them attached 
either at the comers or in the centers of the anterior and posterior sides of the 
hexagons. Recently, the latter view seems to be most generally supported. In 
this view their general pattern is one of longitudinal rows converging near the 
sutures. Rees found two “whorls” of trichocysts, which he thought crossed 
the longitudinal ridges between the rows of cilia in such a way as to produce 
the effect of the geometric pattern described by others. 

Most of the other fibirils have been described in the region of the cytophar- 
ynx and gullet. The “oral membranelle” that predominated in the literature 
for such a long time has recently been found to ue a great munber of free cilia 
forming a thick mass which starts on the vestibule, or outer part of the cyto- 
pharynx, and is continuous back to the fore part of the gullet. According to 
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Bossier it is continuous, although somewhat modified, as far as the distal open* 
ing of the gullet, just before the blind pocket is reached. It has been described 
as present in various places, such as along the dorsal wall, slightly to the 
left of the dorsal wall, and on the extreme left wall of the cytopharynz 
(Gelei and Horv4th). All writers are so positive in their descriptions that one 
wonders if they observed and have reference to the same structure. The best 
investigations now seem to indicate that there is a sparse ciliation in the outer 
part of the cytopharynx and in the cytostome, and also on the ventral wall of 
the cytopharynx. A brush-like thickening occurs at the extreme posterior end 
of the gullet, but concerning its exact position there is little agreement. 
Usually a broad longitudinal band that exists on the left w’all is considered to 
be free from cilia. 

Bozler (1924) and Gelei (1925) contend that there proceed posteriorly 
from the inner extremity of the gullet a number of long fibrils, estimated at 
from six to ten, as well as additional shorter ones that dwindle in size until the 
limits of optical resolution are reached. These fibrils are usually more or less 
lax and intertwined in stained material, but in exceptionally well preserved 
specimens they are said by Bozler to be straight and parallel, forming a to¬ 
boggan-slide-like structure down which the food vacuoles slide. Their point of 
origin has been variously ascribed. It is generally agreed that some are at¬ 
tached to the dorsal wall of the gullet, and others, according to Bozler, con¬ 
nect on the right side. They end without attachment posteriorly, and Bozler 
believes that they all lie in one plane, forming a flat chute. 

Some declare that the wall of the c 3 do 8 tome is smooth, but others think that 
it too shows a pellicular pattern. Gelei (1925) found in the vestibule and 
esophagus a network of subpellicular fibrils he thought to be supporting, and 
elastic in nature. These spread outward in the cytostome and become con¬ 
nected with the general body surface, especially on the left and posterior 
boundaries of the oral opening. He figured this network as composed of paral¬ 
lelograms, each surrounding a pair of cilia (in P. nepkridiatum). 

Ehainsky (1910) and Brown (1930) have described and figured ciliary 
rootlets from the basal granules of Paramecium. Usually none have been 
found. Similar structures were described by Rees (1922) as curving grace¬ 
fully inward in two great whorls to converge toward a point in the ectoplasm 
anterior to the cytostome. It was here that he found the “neuromotor center,” 
but as to the actual connection between it and the peripheral fibrils he was 
not clear. Jacobson (1931) believes the peripheral fibrils of Rees to have been 
internally discharged trichocysts, and offers considerable evidence for her 
view. She points qut that Bees remarked that the whorls of trichocysts had 
courses coinciding with the neuromotor fibrils. 

Besides the double body described by Bees as a neuromotor center, Gelei 
(1925) has described in P. nepkridiatum two nerve centers. One of these, a 
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bilobed mass of small size, lies on the dorsal side of the cytostome, and corre¬ 
sponds to that found by Rees. The second, or ‘‘posterior nerve center’' of 
Gelei, lies very near the caudal end of the gullet, also on the dorsal side. It is 
inadequately described. Both investigators found several fibrils ramifying 
from their respective neuromotor centers into the endoplasm. Neither seemed 
positive of the fate of the distal ends of these structures, but Gelei left them 
free in the cytoplasm. 

The exhaustive experimental work of Bozler (1924) is not within the scope 
of our problem, so the writer merely suggests that those interested may find 
in it some substantiation of the morphological evidence reviewed above. 

The reader wishing a concise review of the most recent speculations on the 
origin and method of performance of the conductile elements and the neuro¬ 
motor system of Paramecium, is referred to the summaries of Klein (1927) 
and Gelei (19296). The writer doubts that they are based entirely on sound 
morphological or experimental evidence. 


MATERIALS AND METHODS 

Throughout these investigations Paramecium multimicronucleata has been 
used exclusively. Identification was made by consulting the descriptions given 
by Powers and Mitchell (1910) and Wenrich (1928). The original material 
was wild stock obtained from the vicinity of Berkeley, California. This was 
grown on ordinary hay infusion until a heavy culture resulted. A few indi¬ 
viduals of large size Avere selected and transplanted to fresh hay infusion. As 
soon as a culture was secured in which P. multimicronucleata was the pre¬ 
dominant form, it was easy by a series of subcultures to obtain one free from 
other species of Paramecium or other large Protozoa. For some of the work 
pure line cultures were used, grown in the medium described by Rosenberg 
(1932). The results of these two methods were practically identical. 

The living, unstained animal is not especially helpful in the study of the 
fibrillai* system, except in observing the movement of the cilia, particularly 
those of the cytopharynx and gullet, and the formation and passage of food 
vacuoles. In exceptional cases the pellicle can be studied in the living animal, 
but it is necessary to fix and stain the animal to demonstrate any of the finer 
fibrillar structure. Because differences do exist when different techniques are 
used, and since this is essentially a correlation problem, several distinct meth¬ 
ods were employed. 

Both whole mounts and sections were used. Some whole mounts were fixed 
in Zenker’s and stained in Delafield’s, Heidenhain’s or Ehrlich’s haematoxy- 
lin stains, or fixed in Schaudinn’s and stained with Heidenhain’s iron-haema- 
toxylin. Others were treated according to the silver methods of Klein (1926a, 
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b ), Gelei and Horvfith 1931), or the Yabroff modification (1928) of Da Fano’s 
technique. Sections were of material fixed in Zenker’s and stained in Mai* 
lory’s triple connective tissue stain, or of material fixed in hot Schaudinn’s 
and stained in Heidenhain’s haematoxylin. A wet silver method like that of 
Gelei and Horv&th was tried, but proved unsatisfactory. Since only four of 
the above methods, Zenker’s with Mallory’s, Schaudinn’s with Heidenhain’s 
haematoxylin, Klein’s, and the method of Gelei and Horvdth, gave good re¬ 
sults, they will be discussed in more detail, and the others abandoned. The 
animals were concentrated by centrifuging, and, unless otherwise stated, they 
were fixed, washed, and dehydrated also by this method in centrifuge tubes. 

Zenker’s was used with 2.5 and 5 per cent acetic acid, the former proving the 
more satisfactory. In some treatments the living Protozoa were injected into 
pieces of frog’s intestine, which were then tied like miniature sausages, placed 
in Zenker’s, and then washed, dehydrated, and imbedded. It was a little more 
satisfactory to fix first in centrifuge tubes, and use the gelatin capsule method 
of imbedding. Sections were cut at 2.5, 5, 7.5,10 and 15 microns, but 7.5 mi¬ 
crons proved to be the most useful. The best results were obtained by staining 
2 minutes in Mallory No. I and one minute in No. II, then dipping rapidly 
into 95 per cent and absolute alcohol, blotting quickly between each change, 
and then clearing in xylol for about 3 minutes. 

Schaudinn’s fixing fluid was also tried with 2.5,4 and 5 per cent acetic acid. 
The first seemed to fix the cytoplasm the best, but the most satisfactory prep¬ 
arations of the fibrillar system happened to be among those fixed with the last 
concentration. The difference was not great. In two attempts the organisms 
were treated with a 0.5 per cent solution of tannic acid before fixation in 
Schaudinn’s. It was hoped that the absence of trichocysts in the ectoplasm 
might aid in demonstrating some of the subpellicular fibrils. Internally dis¬ 
charged trichocysts and abnormally large contractile vacuoles complicated 
matters considerably, and the method was discarded. The capsule method of 
imbedding was used, and sections were cut as mentioned above. As before, 
the 7.5 micron sections were the most useful. Staining was by the short iron- 
alum haematoxylin method. The material was differentiated in 0.5 per cent 
cold iron alum, under constant observation by means of a water immersion 
objective. With experience, in properly selected sections, the fibrils them¬ 
selves may be watched; otherwise the usual method of waiting for the cyto¬ 
plasm to become light gray, while the macronucleus and trichocysts remain 
dark, will give an approximate indication of the progress of the reaction. 

Klein’s method is suitable only for whole mounts. It was used as described 
by Klein (1926a; b, footnote, pp. 243, 244) with only such variations as were 
found necessary for Paramecium. As Klein suggested, much concerning the 
length of time required for impregnation and reduction had to be learned by 
experience. The writer found that different effects could be obtained, and 
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different structures emphasized, by varying also the degree of drying. Every 
modification suggested by Klein, except the use of osmic acid, was tried. 

The wet silver method of Qelei and Horv&th (1931), with such modifica¬ 
tions as were especially recommended for Paramecium, was used. The best 
results were obtained by the procedure outlined below. 

1. Protozoa were concentrated by centrifuging. 

2. Fixed 3 minutes in a mixture of 95 c.c. concentrated aqueous solution of HgOl, and 5 
c.c. formalin. 

3. Washed twice in filtered river water. 

4. Impregnated 3 minutes in 2 per cent solution of AgNO,. 

5. Without washing, reduced in distilled water by direct sunlight for 8 minutes. Here the 
centrifuge tube was fixed in a position so that the sun, at noon, shone vertically into the 
tube. A fine capillary tube was passed to the bottom of the container, and the air was bub¬ 
bled through the water to keep the animals dispersed and rotating, thus securing more uni¬ 
form reduction. 

0. Washed five times in distilled water. 

7. Dehydrated slowly. Into 1 c.c. of distilled water containing the animals wa^ passed 
9 c.c. of 95 per cent alcohol, slowly, by allowing it to filter through three sheets of No. 1 
filter paper. Again a fine stream of air introduced through a capillary tube kept the mixture 
uniform. 

8. Passed through absolute alcohol, cleared in xylol, and mounted. This was done by 
placing a drop of xylol in the center of a one-half inch ring of balsam, as prescribed by 
Gelei and Horv4th for keeping the animals in the center of the slide. 

No advantage was found in toning with gold chloride. 


MORPHOLOGICAL ASPECTS 

Since the two groups of methods, one dependent upon the reduction and 
deposition of colloidal silver, the other upon the affinity of the structures for 
soluble stains, gave quite different results, the writer presents below the de¬ 
scriptions of the two systems separately. With a clear picture of each system 
in mind, the correlation which follows will be much easier to understand. 

THE SILVEBLINE SYSTEM 

The silverline system was briefiy defined by Klein (1927o) in this way: 
“Im Ciliatenkorper lasst sich mit der spater hier gegebenen einfachen Yersil- 
berungsmethode, das rein ektoplasmatisch, in der Hohe der Basalkorner 
verlauft und sich durch Silber tief braunschM-arz impragniert. In diesbezug- 
lichen Praparaten treten die Fibrillen dieses Systems als scharfbegrenzte 
braunschwarze Linien auf, die durch Silber dargestellt wurden; deshalb und 
well diese Systeme im ganzen und in ihrem Zusammenhapge mit gleichreag- 
ierenden Organellen durch andere Methoden nicht darzustellen sind, ben- 
annte ich diese Fibrillen ‘Silberlinien’ und die Komplexe derselben ‘Silber- 
liniensysteme’.” This system the writer has demonstrated, and compared 
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with the results of Klein in thirteen genera of Infusoria, to be sure the tech¬ 
nique was perfectly duplicated. Results obtained did not differ from those of 
Klein except in minute details. 

The silverline system of Paramecium consists of two parts. One portion 
is made up of a series of closely set polygons, usually hexagons, but flattened 
into rhomboids or other quadrilaterals in the regions of the cytostome, cyto- 
pyge and sutures. Where hexagons occur they appear in longitudinal rows, 
with a side at the anterior and posterior extremities, and a lateral vertex to 
each side Cpl- 5, figs. 12,14; pi. 6, fig. 18; pi. 7, fig. 25). Where quadrilaterals 
occur they too may appear in longitudinal rows, lapped to about half their 
length with those of adjoining rows, like bricks in a wall. Great irregularities 
frequently occur, however, the lap being lost first, and then even the arrange¬ 
ment in rows. This is especially pronounced in the cytostomal region (pi. 5, 
fig. 11). 

This system of lines stains intensely if the animals are quite thoroughly 
dried, appearing very dark brown against the golden or straw-colored back¬ 
ground. Usually the lines appear solid (pi. 5, fig. 12), but frequently they are 
interrupted to seem double at the vertices of the polygons (pi. 6, fig. 18; pi. 7, 
fig. 25). Klein has emphasized this effect in interpreting this system a.s an 
“indirectly connected” conductile system (1928, 1931). One of his figures 
(1928, fig. 6, p. 196) shows clearly the extent to which this apparent double 
nature of the polygons can be found, if carefully sought. In the centers of the 
anterior and posterior sides of the hexagons, or rectangles, are located one or, 
rarely, a cluster of two to four darkly staining granules, which mark the outer 
ends of the trichocysts, i.e., their attachment to the pellicle. Irregularities, 
loops, and transverse bridges occur occasionally in this system (pi. 6, fig. 18; 
pi. 7, fig. 25). The entire system is poorly demonstrated or entirely lost if the 
animals are not completely dry on the surface before the silver nitrate is 
added. The trichocyst granules are quite persistent in taking the silver. 

The second part of Klein’s silver line system comprises what he termed 
the “directly connected” conductile system (19266,1928,1931). It consists 
essentially of the longitudinal lines linking into a chain all the basal granules 
in one longitudinal row of hexagons—or quadrilaterals, and of the basal gran¬ 
ules themselves, which are at or near the centers of the polygons of the first 
portion (pi. 5, fig. 12; pi. 6, fig. 18; pi. 7, fig. 25). Frequently there appear 
two, three, or, more rarely, four granules instead of one, and of these Klein 
(1928, fig. 6, p. 196) designates one as a basal granule, and the others he calls 
“Nebenkomer,” which presumably function as secondary or accessory basal 
granules. These, and other granules with neither names nor supposed func¬ 
tions, are always connected by delicate strands to either the longitudinal lines 
or the hexagonal figures, or both (pi. 6, fig. 18; pi. 7, fig. ISV. Much variation 
occurs among these “accessory” granules or lines, and it is the writer’s con- 
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vietion that certain of the apparent granules, particularly the smaller ones, 
are merely deposits of silver at points where two extremely fine fibrils inter¬ 
sect or cross. 

There is also an occasional occurrence in almost every individual of a third 
element, namely, transverse fibrils, which pass from one basal granule to 
another nearby, in one of the adjacent rows (pi. 5, fig. 12). In the region of the 
mouth such transverse fibrils have been found with such regularity that they 
doubtless represent portions of a set of radial cytostomal fibrils, which will be 
considered later. They are fine, not consistently present, or failing often to 
hold the silver, and are among the first to disappear as the preparation loses 
its color. Unfortunately, they cannot be demonstrated in thoroughly flattened 
and dried specimens, which retain their color the best, but are apparently 
broken or distorted. 

With the exception of the radial fibrils, this entire system usually stains 
more intensely than the system of polygons first described. In animals which 
have not been thoroughly dried before immersing in silver nitrate, only the 
longitudinal lines and the basal granules are clearly demonstrated; the pel¬ 
licular polygons can be made out only with the greatest difficulty. When both 
are clearly visible, this fraction of lines and basal granules can be observed 
to lie at a slightly lower level than the first. The difference is not great, but 
enough so that even in a photomicrograph the discrepancy in focus of one or 
the other system can be detected in many animals (pi. 7, fig. 25). 

The cilia of Paramecium can frequently be seen very clearly, but the writer 
has been unsuccessful in duplicating the results of BLlein (1929a) on their 
finer structure. 

It seems best to discuss at this time also the results obtained by the wet sil¬ 
ver method of Gelei and Horvdth (1931), even though it is necessary in doing 
so to remember that they do not fall strictly within our previous definition of 
the silverline system. 

With this wet silver method the pellicular and subpellicular portions of the 
peripheral system can again be distinguished, and, in addition, the portion 
associated* with the cytopharynx and gullet can be demonstrated. As before, 
the system of pellicular polygons is the fainter of the two peripheral por¬ 
tions ; so much so, in fact, that often it can scarcely be found. The points of 
attachment of the trichocyst bodies are very distinct. Irregularities, and the 
apparent double make-up of the lines, are either far less pronounced or en¬ 
tirely absent. 

The subpellicular peripheral portion coincides very closejy with that found 
by Klein’s method. The basal granules seem more frequently to have acces¬ 
sory granules, or to be multiple. The writer is convinced that the basal ring 
described by Gelei (1932) is either an effect produced by viewing in optical 
section the outer deposit of silver on one large granule or a cluster of gran- 
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iiles, or, as is more probable, that the riixg is made up of two to four granules 
with connecting fibrils, as demonstrated by Klein’s method (pi. 6, fig. 18 ; pi. 
7, fig. 25). The longitudinal fibrils do not seem always to follow a zig-zag path, 
as Gelei (1932) found them to do, but do so occasionally. It is possible that 
many of the larger basal granules, particularly in the cytostomal region, as 
found by Klein’s method (pi. 5, fig. 11) have the same multiple composition as 
is shown so frequently by the method of Gelei and Horvath, but are covered 
by a relatively heavy deposit of silver. 

This entire subpellicular portion stains far more heavily than the system of 
polygons first described, and lies definitely below the former. Since the ani¬ 
mals are neither dried nor flattened, and only slightly distorted, the true rela¬ 
tive positions of two portions are more nearly approached, and more readily 
distinguished as being in separate planes than by Klein’s method. 

The system of fibrils in the region of the cytostome and gullet is not demon¬ 
strated by Klein’s method, but has been seen clearly in whole mounts pre¬ 
pared by the wet silver method. Gelei (1932') described pellicular ridges in 
the walls of the cytopharynx, found basal granules far into the gullet, and 
described and figured in a photomicrograph the “Penniculus.” Of this he 
says (p. 162): “Wie steht es nun mit den Relatoren in der Membranelle von 
Paramecium in meinem Penniculus (1925), der in Cytopharynx links gela- 
gert ist und der gewohnlich aus acht Cilienreihen aufgebaut istf (Taf. 5, 

fig. 5).” 

The writer finds that the pellicular ridges extend far in toward the gullet, 
and present a figure of a series of trapezoids with their shorter bases directed 
inwardly toward the gullet. In the center of each is a basal granule, thus mak¬ 
ing a pattern very similar to that of the general body surface. The basal gran¬ 
ules are connected anteriorly and posteriorly by the longitudinal pharyngeal 
fibrils, and laterally by circular pharyngeal fibrils which circumscribe the 
cytopharynx, upper gullet, and esophageal process. The outer ends of the 
longitudinal pharyngeal fibrils spread out in the area about the cytostome, 
forming the radial cytostomal fibrils, whereas the circular pharyngeal fibrils 
have theif origin outside in the converging longitudinal body fibrils (fig. A). 
The penniculus is just as Gelei described it, and in P. multimicronucleata con¬ 
sists always of eight parallel rows of basal granules, all approximately equally 
spaced except that a slightly greater distance is present between the fourth 
and fifth longitudinal rows. Transverse fibrils are also present (fig. A). 

t _ 

fih. , longitudinal esophageal fibril; long, phar, fih,, longitudinal pharyngeal fibril; 
neuromot, neuromotorium; op, eso,, opening of esophagus; paraeao, fib,, paraesophageal 
fibril; posteso, fib,, postesophageal fibril; post, ex, penn,, posterior extremity of penniculus; 
post, neur, eh,, posterior neuromotor chain; postoral sut,, postoral suture; preoral sut,, 
preoral suture; rad, eyt, fib,, radial CTtostomal fibril. 

2 . Diagrammatie representation of the neuromotorium, In approximately^ the position 
figured in A. 2. x 2000. 
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Since all the structures described above from the region of the gullet had 
been seen much better in specimens prepared by other methods before the wet 
silver method was used successfully, a complete description will be given later 
as the results of these methods are discussed. 

THE NBUBOMOTOB SYSTEM 

The term “neuromotor apparatus” was used by Sharp (1914) to designate 
a complex of fibrils in Diplodinium ecaudatum. He attributed to them a con- 
ductile function for the following reasons: all parts of the structure were 
connected; portions of it supplied every movable part of the protozoan body; 
all these bodily parts moved with coordination; and the size and manner and 
position of attachment of the fibrils themselves did not indicate a supporting 
or contractile function. For similar reasons numerous other researchers pre¬ 
viously mentioned have come to similar conclusions concerning integrated 
systems of fibrils in other Infusoria, and the writer likewise describes the sys¬ 
tem found in P. multimicronucleata. Any additional evidence for its identity 
as a conductile system, or comments bearing on this evidence, will be consid¬ 
ered in the discussion which follows this description. Since the two expres¬ 
sions have been used interchangeably, the writer has chosen “neuromotor 
system” in preference to “neuromotor apparatus,” because he believes it to 
be more indicative of the extent and intricacy of the entire complex. 

In considering the neuromotor system of Paramecium, the writer will first 
discuss the nature of the pellicle and its associated parts, which are not parts 
of the system at all, but must be kept in mind for purposes of orientation; 
then the peripheral or subpellicular portion, which is truly neuromotor; and 
finally the various parts of the complex pharyngeal portion. 

Delafield's and Heidenhain’s haematoxylin and Mallory’s stain all show 
the surface of Paramecium to be made up of a series of polygons, which are 
hexagons everywhere except in the regions of the sutures, cytostome, and cy- 
topyge. Here the pattern is often greatly disturbed. The basal granules, 
which serve as valuable landmarks, are always at or near the centers of the 
polygons, and slight enlargements in the centers of the anterior and posterior 
sides of the hexagons mark the distal ends of the trichocysts. These seldom if 
ever occur elsewhere (pi. 5, fig. 12). Sections up to 7% microns in thickness 
stained with Heidenhain’s iron-haematoxylin show especially well the contour 
of the surface (pi. 5, fig. 13; pi. 3, figs. 2-6; pi. 4, fig. 10). The walls of the 
hexf^ons are ridges, surrounding depressions or dimples slightly less than one 
micron in depth, while the diame^ter of the hexagons from ridge to ridge varies 
from about 1.8 to perhaps 6 or more microns. There appears^o be no signifi¬ 
cant correlation between body size and the size of the hexagons. To the centers 
of the anterior and posterior walls of the polygons are attached trichocysts. 



11^33] Lund: SUverline and Neurombtor Systems of Paramecium 


51 


These carrot-shaped bodies, about 4 or 5 microns in length, are between 1 and 2 
microns below the surface, to which each is attached by a delicate thread. 
The writer does not believe them to be otherwise connected, and hence not a 
part of, nor associated directly with, the neuromotor system. This conclusion 
is based on the ease with which the trichocysts are moved, apparently swing¬ 
ing freely from their pellicular attachment. If they are connected with the 
longitudinal body fibrils, as suggested by some investigators, the union is 
extremely delicate and fragile. 

Cilia of different lengths, dependent upon the individual and the part of 
the body considered, project outward from the basal granules, thus protrud¬ 
ing from the centers of the pellicular polygons. In P. multimicromicleafa 
there is only one cilium to each hexagon. The basal granules are connected in 
longitudinal chains, corresponding with the rows of pellicular polygons, by 
the longitudinal body fibrils (fig. A, 1, long. bod. fib.; pi. 4, figs. 7, 8; pi. 5, 
figs. 12-14). Over most of the body these run quite straight, from pole to pole; 
but in the region of the sutures those on the left side particularly curve 
sharply inward. The pattern at the poles has been figured by almost every 
recent investigator of Paramecium, and will therefore be omitted. It is inter¬ 
esting that the cj^tostomal region the fibrils of the right side also curve in¬ 
ward, so that the right and left sides form complete circuits about the 
cytostome, the circular cytostomal fibrils (fig. A, 1, cir. cyt. fib,; pi. 4, fig. 7; 
pi. 5, fig. 11). Except in this region, however, the longitudinal fibrils of the 
right side proceed almost parallel to the sutures, which are made up in part 
from these fibrils. The cytopyge is a permanent structure, the postoral suture 
being divided to accommodate it (fig. A, i). Near the mouth and cytopyge 
transverse bridges and other irregularities frequently occur along the sutures, 
especially along the postoral one. Usually a variable number of fibrils, often 
between forty and fifty, radiate outward from the cytostome, connecting 
transversely the basal granules of the surrounding rows. It is convenient to 
call these the radial cytostomal fibrils (fib. A, 1, rad. cyt. fib.; pi. 4, figs. 7,8). 
They are longest and most easily seen on the left anterior margin of the cyto- 
stome, but even there they pass outward only a short distance. Occasionally 
transverse bridges may appear even on the dorsal side of the animal (pi. 5, 
fig. 12), but in all individuals they seem exceptional, thus presenting a system 
quite different from that described by Pickard (1927) in Boveria, and that 
of Evpoterion described by MacLennan and Connell (1931). Ciliary rootlets, 
or anything comparable to them, have never been found. Internally dis¬ 
charged trichocysts frequently give an effect that might be mistaken for the 
presence of ciliary rootlets or other internal connections. If carefully studied 
these may usually be positively identified as trichocysts by the positions of 
their outer ends, and by the condition of the surr<>unding trichocyst bodies 
(pi. 5, fig. 15). 
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THE FHABYNOEAL COMPLEX 

Considerably more complex than the part of the nenromotor system abeady 
described is that portion associated with cytopharynx and gullet, or esopha¬ 
gus. It consists of seven related parts, some of which have several components 
within them. These parts are: (1) the pharyngo-esophageal network, (2) the 
neuromotorium, and associated fibrils, (3) the penniculus, (4) the esophageal 
process, (5) the paraesophageal fibrils, (6) the posterior nuromotor chain, 
and (7) the postesophageal fibrils. 

The pharyngo-esophageal network is a trumpet-shaped structure lying in 
the walls of the cytopharynx and gullet (fig. A, 7). It is made up of the basal 
granules of the cytopharynx and esophagus, the longitudinal pharyngeal and 
esophageal fibrils (fig A, 1, long, phar, fib., long. eso. fib., pi. 2, fig. 1; pi. 3, 
figs. 3-6; pi. 4, figs. 7-10; pi. 6, figs. 16, 17,19-21; pi. 7, figs. 23, 24, 27-29) 
which are the inner portions of the radial eytostomal fibrils (fig. A, 1, rad. 
cyt. fib.), and the circular pharyngeal and esophageal fibrils (fig. A, 1, dr. 
phar. fib., dr. eso. fib.; pi. 1, fig. 1; pi. 3, figs. 3-6; pi. 4, figs. 7-10; pi. 6, figs. 
16,17,19-21; pi. 7, figs. 23,24,27-29). These circular fibrils of the c 3 i;ophar- 
ynx and esophagus correspond to the circular eytostomal fibrils (fig. A. 1, dr. 
cyt. fib.) which were observed to have their origin in the converging longi¬ 
tudinal body fibrils. Thus it is seen that the longitudinal fibrils of the general 
body surface become the circular fibrils of the pharyngeal region, whereas the 
longitudinal fibrils of the pharyngeal region become the radial fibrils of the 
body surface. The intersections of the fibrils of each set with those of the other 
are marked by basal granules, and from most of these granules, perhaps from 
all, cilia protrude into the cavity of the cytopharynx and esophagus (pi. 3, fig. 
5; pi. 4, figs. 7-9; pi. 6, figs. 17, 20, 22; pi. 7, figs. 23, 24, 27, 29). Not all the 
cilia are of the same length. There are regularly some prominent cilia on the 
left wall of the cytophar 3 Tix, but they are difficult to separate from the cilia- 
tion of the penniculus, which will be discussed later. The right wall also has a 
narrow band of rather long cilia, but they are not numerous and cannot al¬ 
ways be demonstrated (pi. 4, figs. 7-9; pi. 6, fig. 22; pi. 7, fig. 29). Except the 
dorsal wall most of the rest of the cytopharynx and esophagus has either ex¬ 
ceedingly short, fine cilia, or none at all. The dorsal cilia are long and heavy, 
forming a continuous band throughout the posterior two-thirds of the cyto¬ 
pharynx, and as far down the esophagus as its dorsal wall is intact. Contrary 
to the usual observations, however, the esophagus does not expel the food from 
its posterior extremity, but from an opening on its dorsal side, leaving beyond 
that a blind pockejt, the esophageal process. 

On the left dorsal wall of the cytopharynx, at about the level of the pos¬ 
terior margin of the cytostome, is a very small, bilobed mass, the neuromo¬ 
torium (fig. A, 1, neuromot., .8/pi. 3, fig. 4; pi 6, fig. 16; pi. 7, fig. 23). Each 
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lobe is slig*htly larger than the basal granules of the pharyngeal region, and is 
connected by at least one, and possibly two short, fine fibrils to one of these 
near-by basal granules. In some specimens a considerable space between the 
two lobes permits one to see a connecting fibril, in others the two granules lie 
adjacent, and many specimens either reveal no such bodies or they are too well 
concealed by other structures to be studied, even with diflSculty. From the 
neuromotorium a number of fibrils radiate out into the endoplasm. Of these, 
four or more usually pass almost to the dorsal body wall, but the rest, which 
seem to be variable in number, are shorter and not definite in position. All 
are termed endoplasmic fibrils (fig. A, i, endopL fib,, 2; pL 2, fig. 1; pi. 3, fig. 
4; pi. 4, fig. 10; pi. 6, fig. 19; pi. 7, fig. 26). Approximately half of the endo¬ 
plasmic fibrils come from each granule. Their function is unknown, but they 
may coordinate the feeding movements of the oral cilia with the lack or 
abundance of food in the endoplasm, thus serving a nutrition-regulating 
function. Their distal ends are unattached. 

It is difficult to identify the neuromotorium and the endoplasmic fibrils de¬ 
scribed here as being those found and figured by Rees (1922, pi. 35, fig. 22), 
for neither his description nor his illustrations are sufficiently clear. Both the 
bilobed body and its accompanying fibrils are without doubt identical with 
the structures described and figured by Gelei (1925, fig. 8), who referred to 
them as the Vorderes Nervenzentrum und seine Verastelungen.^^ Since this 
body resembles both in structure and in position the neuromotoriums de¬ 
scribed in other Infusoria, and is intimately associated with both the ecto¬ 
plasmic and endoplasmic fibrils, the name ‘‘neuromotorium^’ is appropriate. 

The penniculus (fig. A, 1, penn,; pi. 2, fig. 1; pi. 3, fig. 4; pi. 6, figs. 16, 22; 
pi. 7, figs. 23, 29) is composed of eight rows of basal granules, four equally 
spaced rows being separated by a slightly greater gap from four more equally 
spaced rows. The basal granules, usually numbering over sixty to each longi¬ 
tudinal row, are connected by both longitudinal and transverse fibrils. The 
ends of these fibrils of both sets extend a short distance beyond the last basal 
granules, and end apparently without specific attachment. The entire struc¬ 
ture lies ^lightly deeper than the pharyngeal netw^ork, and proceeds from the 
anterior, left dorsal wall of the cytopharynx, around the left w all in a slightly 
oblique direction to terminate on the anterior, ventral wall of the esophagus. 
Since each basal granule bears a cilium, a heavy band of cilia results. The con¬ 
nection of the penniculus to the pharyngo-esophageal net is not known, but 
the writer believes that the cilia of the penniculus beat independently of the 
r^t of the pharyngeal cilia, aiding indirectly the passage of food into the eso¬ 
phagus, while those of the lower end help in forming food vacuoles. The idea 
that the cilia of the penniculus are independent is not new, for Gelei (1925, 
p. 160) says; “Der Peniculus ist ein spezifisches Sohlundorgan; ob die Cilien- 
reihen selbstandig in dem Schlund auftreten, oder ob sie Fortsetzungen der 
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entsprechenden vestibularen Cilienreihen sind, konnte nicht entscheiden wer- 
den. ” But in the copy consulted by the writer Glelei had added after this, in 
the margin,' ‘ Doch! sie sind selbstanndige Schlundorgane. ’ ’ 

At the posterior extremity of the gullet the circular fibrils once more com¬ 
pletely enclose the cavity, so that a tube results. Furthermore, Uie longi¬ 
tudinal fibrils converge at the posterior end and imite in a double row of 
granules bound by transverse fibrils, so as to close the end of the tube, making 
a blind pouch, the esophageal process (fig. A, 1 eso. proe,; pi. 2, fig. 1; pi. 4, 
fig. 10; pi. 6, fig. 17; pi. 7, fig. 24). The function of the peculiar ladder-like 
structure is not known. On the ventral wall of the esophageal process is a 
heavy tuft of long cilia (pi. 6, fig. 17; pi. 7, fig. 24). They probably aid the cilia 
of the posterior part of the penniculus in directing the course of food and in 
forming food vacuoles. Only rarely have food particles, such as spores of B. 
subtilus, been found in this process, and they might have deposited there 
after the killing and fixing process. Apparently the cilia keep it free from 
foreign material. 

Proceeding posteriorly from the dorsal wall of the cytopharynx at its junc¬ 
tion with the esophagus are five or more heavy fibrils, and these terminate 
near the posterior end of the esophageal process in five large granules which 
are connected in a chain. These fibrils are neither tense nor very lax in stained 
specimens, but their condition in the living animal is not known. Because of 
their position they are called paraesophageal fibrils (fig. A, 1, paraeso. fib., 
pi. 1, fig. 1; pi. 3, fig. 3; pi. 6, fig. 21; pi. 7, fig. 28). They pass over the dorsal 
opening of the esophagus, and food material collects as it reaches these fibrils, 
so it is probable that they too aid in the concentration of food particles into 
vacuoles. Spores of B. subtilus were frequently found among these fibrils 
(pi. 2, fig. 1). 

The chain of five granules in which the paraesophageal fibrils end, pos¬ 
teriorly, is usually connected only on the left side to the ladder-like terminal 
portion of the esophageal process. Since both ends sometimes appear con¬ 
nected, and in a few cases neither end is attached, their exact relation in the 
living animal is uncertain. This structure has, nevertheless, been called the 
posterior neuromotor chain (fig. A, 1, post. new. ch.; pi. 2, fig. 1; pi. 3, fig. 3 ; 
pi. 4, fig. 10; pi. 6, fig. 21; pi. 7, fig. 28), for from it pass three, and occasion¬ 
ally four, heavy fibrils toward '&e posterior end of the animal, which indi¬ 
cates some function othor tiian merely that of anchoring the paraesophageal 
fibrils. It may be that this is the structure Gtelei (1925) observed in P. nephri- 
diatum, and called tbs ‘‘hinteres Nervenzentrum,” but it corresponds more 
closely in positiou-toliiB ^'termiaal Protoplasmaflecken.” 

In addition to tile tiiree fibrils from the posterior neuromotor chain, from 
e^ht to a dosen fibrils pass posteriorly from the right wall of the cytopharynx 
toward the caudal end of the body. Usually six to e^ht of these can be traced 
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beyond the esophageal process, so altogether about ten fibrils pass back, to be 
lost as they approach the posterior end of the animal. Their distal ends are 
unattached in stained preparations, and the fibrils are quite lax. These are the 
postesophageal fibrils (fig. A, i, posieso, fib.; pi. 2, fig. 1; pi. 3, figs. 2-4; pi. 4, 
fig. 10; pi. 6, figs, 17, 20, 21; pi. 7, figs. 24, 27, 28). These fibrils comprise the 
* ‘ Schlundfadenapparat of Bozler (1924), and are the ‘ ‘ Stomodaealf asern ’ ^ of 
Gelei (1925). Neither of these terms is especially suitable for the structure it 
is intended to designate. The writer accepts Bozler’s explanation that the 
fibrils assist in the formation of food vacuoles, and that they direct the course 
of the vacuoles after they are formed. He does not believe them to be rigid, 
however, for frequently in stained animals they are wrapped almost around 
the food vacuoles. In the living animal they can be observed only a short way 
beyond the gullet, but certainly are not all in one plane, and are capable of 
some movement. All morphological evidence points to a lax condition of these 
fibrils, with their distal ends free. 


DISCUSSION 

On the basis of the descriptions of the silverline and neuromotor systems 
already given, the two systems may now be compared, in an effort to deter¬ 
mine to what extent they share the same structures, and in what respects they 
differ. 

Obviously, the first portion of the silverline system, designated by Klein as 
an ‘indirectly connected” conductile system, coincides very closely with the 
pellicular pattern described by many previous investigators, and briefly dis¬ 
cussed by the author in introducing the neuromotor system. The silver lines in 
the hexagonal pattern mark only the ridges which bound the pellicular poly¬ 
gons. There is no fibril passing immediately beneath the pellicle which can be 
responsible for the effect produced, but the pellicle is slightly thicker at the 
top of these elevations than it is elsewhere. This, together with the tendency 
of the silver to collect to a greater degree on prominent surfaces, may be suf¬ 
ficient to explain the presence of the superficial silver lines. The writer has 
observed dried rotifers, eggs of nematode worms, bits of filamentpus algae, 
and pieces of debris showing similar deposits on ridges and points, either 
natural or caused by shrinkage accompanying dehydration. The fact, pre¬ 
viously suggested, that only in well dried specimens do the pellicular eleva¬ 
tions collect the silver, indicates not a distinct structure with a chemical 
composition different from that of the surrounding protoplasm, but the opera¬ 
tion of some physical principle, emphasized by drying. It will be remembered 
that with wet silver methods the pellicular part of the system is almost never 
demonstrated, and it is only natural to assume that with drying the elevations 
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are the first to lose their film of water, and are the least likely to be protected 
by a film of salts left as the water evaporates. If the pellicle itself had a natural 
affinity for the silver, a more nearly uniform coloring would obviously result, 
so the interaction of the above factors, and possibly others also, must be re¬ 
sponsible for this misleading set of lines. 

The evidence for assuming that the lines of the “indirectly connected” con- 
ductile system are double is, as far as the writer can determine, derived al¬ 
most entirely from a study of these lines at the comers of the polygons. The 
elevations in the pellicle are of appreciable width, and are necessarily even 
wider at points where three such elevations, each approximately 120 degrees 
apart, intersect smoothly. Often the centers of the intersections become 
slightly depressed as the animal dries. Consequently the most prominent 
ridges are not always the tops of the elevations, but frequently are the edges 
produced where these tops turn downward to form the sides of the dimples. 
It follows, therefore, that the three corners bounding the actual intersection 
of the pellicular ridges are subject to more intense drying, less protection by 
deposited salts, and other influencing factors, than is the intersection itself. 
Occasionally double lines appear in the sides of the hexagons, especially when 
the precipitation of silver is very heavy (pi. 7, fig. 25), and many other irregu¬ 
larities may be present, but, considering the drastic treatment to which the 
animals are subjected, such results are not surprising. The trichocyst gran¬ 
ules demonstrated by the silverline method are identical with those found 
by the use of other methods. When more than one granule appears in the 
position markii^ a trichocyst, only one is the actual point of attachment of 
the trichocyst thread, and the others can usually be found to be connected 
with “accessory” fibrils or other structures variable in occurrence. As sug¬ 
gested previously, the writer attributes these occasional dots to the tendency 
of silver to collect wherever two or more fibrils intersect. 

The longitudinal body fibrils, basal granules, and the associated fibrils and 
granules of less frequent occurrence, constituting what Klein calls the “di¬ 
rectly connected ’ ’ conductile system, is the subpellicular system demonstrated 
by many other techniques and described above as the peripheral portion of 
the neuromotor system. With the drying and flattening of the animal, it is 
brought considerably nearer the surface than it normally lies, and is thus 
easily reached by the silver nitrate. The basal granules, when demonstrated 
by any staining method, do not lie exactly in the centers of the hexagons, nor 
do the longitudinal body fibrils intersect them diametrically, but these dis¬ 
crepancies are more pronounced in silver preparations where much of the 
silver is coating rather than actually impregnating the structures. Accessory 
granules are undoubtedly just as numerous in specimens stained with iron- 
haematoxylin as in those treated with silver nitrate, but are extremely fine 
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and escape attention, or cannot be seen at all, not having their diameter in¬ 
creased by precipitation, or possibly having only a slight affinity for this type 
of stain. 

As pointed out by Qelei and Horvith (1931), one of the faults of Klein’s 
method is its failure to penetrate the organisms. As a result, none of the 
pharyngeal structures are demonstrated, and consequently no correlation is 
possible. The method of Gelei and Horv&th is therefore far superior to Klein’s 
for staining fibrillar structures, since the greater share of the system lies in 
the pharyngeal region; and this method is recommended as the best simple 
technique for giving evidence of the pharyngo-esophageal network and pen- 
niculus, especially if time is limited. Even this wet silver method, which has 
so far proved satisfactory only for whole mounts, fails entirely to demonstrate 
many of the parts, and the rest of the pharyngeal parts only clearly enough 
for a superficial study, unless their nature is already clearly understood. The 
neuromotorium and endoplasmic fibrils have never been found in specimens 
prepared by this method, and the paraesophageal and postesophageal fibrils 
and the posterior neuromotor chain were identified with difficulty, but even 
this is, in the writer’s opinion, commendable in whole mounts. Preparations 
lose their contrast rapidly if exposed to the light, and are therefore not par¬ 
ticularly suitable for extremely detailed studies which may last over consid¬ 
erable periods of time. 

The entire system described as neuromotor in an earlier part of this paper 
is an intricate one, not to be observed at a glance, but requiring great patience 
even in choice sections. Sagittal sections including only half of the cytophar- 
ynx and gullet are the easiest to interpret (pi. 1, fig. 1), but they comprise only 
a minute fraction of all the sections obtained in securing them. 

The function assigned to the neuromotor system in Paramecium rests solely 
on morphological evidence, but the concept of conducting elements in Pro¬ 
tozoa must not be the same as that obtained from a study of metazoan animals. 
Obviously, much of the above system might be suspected of furnishing tenac¬ 
ity to the surface of the body and the pharynx, and providing an anchorage 
for the.cilia and various fibrils. Observations of crushed animals, both living 
and fixed, indicate that this is true to a certain degree, for the fibrils some¬ 
times persist after other parts have been disrupted. There seems to be no evi¬ 
dence whatsoever that the fibrils could be myonemes, for they resemble those 
found in other ciliates neither in structure nor in their position relative to 
other parts. For similar reasons their function as supporting structures in the 
manner in which trichites yield rigidity to an organism is equally improbable. 
The pellicle with its peculiar relief undoubtedly acts in this capacity. The 
suggestion of Parker (1929) that fibrils may serve a metabolic” function, 
presumably referring especially to nutrition or the distribution and utiliza¬ 
tion of food within a cell, is plausible in the case of neurons, whose processes 
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may reach a length of nearly a meter; but to attribute such a function to so 
complex a network as is found in Paramecium, scarcely a fifth of a millimeter 
in length, is absurd. The endoplasmic fibrils might easily be conceived to 
function in correlating the feeding movements of the oral cilia with the condi¬ 
tion of the endoplasm, in respect of food content, metabolic exchange, and 
other factors, but certainly this need not involve each cilium of the entire 
body. 

On the basis of such considerations as the above, in addition to those pre¬ 
viously mentioned in connection with the work of Sharp, a correlating func¬ 
tion is not only “strongly indicated” for this system of fibrils, but is almost 
to be accepted without choice. This in no way excludes the possibility that the 
system may serve incidentally in yielding tenacity as well, and probably it 
may serve in still other ways, as yet not detected; for surprising as it is to 
find such an apparently simple organism to be so complex, it is inconceivable 
to the writer that each small part should have attained a degree of specializa¬ 
tion comparable to that encountered in higher animals. 

In conclusion, the “silverline” system, which has been given this name 
merely because of its demonstration by one particular technique, is composed 
not solely of conductile elements, but confuses parts of at least two and pos¬ 
sibly three quite different aggregations of structures, namely, the pellicle, the 
trichocysts, and the peripheral portion of the neuromotor system. In addition, 
it fails completely to demonstrate the great pharyngeal complex, which is at 
least in part conductile. For these reasons, and because the term ‘ ‘ neuromotor 
system” is descriptive of the function of the structure, and consequently of 
real biological rather than merely technical significance, as opposed to the 
superficial and unreal homogeneity back of the name “silverline,” the use of 
the term “neuromotor system” is justified when referring to an apparatus in 
Protozoa which serves a correlating and conductile function. Since the final 
test of the function of this complex rests on experimental evidence, which is 
at present not available in the case of Paramecium, some investigators pre¬ 
fer to use the term “fibrillar system” to designate it. If the term “neuro¬ 
motor” is understood in the broad sense which its compound origin indicates, 
the two terms designate, in the writer’s interpretation, exactly the same sys¬ 
tem in Paramecium. The word “neuromotor” is, however, of biological con¬ 
notation, whereas the term “fibrillar” is purely descriptive of individual 
parts, and without implication of integration, which is an essential part of the 
neuromotor concept. 
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SUMMARY 

1. A comparative study has been made of the silverline system as demon¬ 
strated particularly by Klein’s technique, and of the neuromotor system as 
demonstrated by the use of iron-haematoxylin and Mallory’s stain. 

2. The silverline system was found to be, as Klein had described it, com¬ 
posed of two rather distinct parts. One of these, Ellein’s ‘‘indirectly con¬ 
nected” conductile system, is composed largely of closely set polygons, chiefly 
hexagons, and the trichocyst granules which lie in the centers of the anterior 
and posterior sides of the polygons. The other portion consists chiefly of the 
basal granules, which are located at or near the centers of the polygons of the 
flrst part, and the longitudinal body fibrils, which connect the basal granules 
in the same longitudinal row of polygons. “Accessory” granules and fibrils 
also comprise a small part of this second portion. 

3. The neuromotor system has been studied, and it too is composed of two 
general divisions. One of these is subpellicular, and consists of the basal gran¬ 
ules and the longitudinal body fibrils, with certain other structures such as the 
suture lines, the lines about the cytopyge, and a curious set of radial fibrils 
which originate as longitudinal fibrils in the cytopharynx and esophagus and 
spread radially out from the oral opening over the body surface and terminate 
a short way from the cytostome. The second division is associated with the 
cytopharynx and gullet, and is composed of seven major parts, namely: (1) 
the pharyngo-esophageal network, (2) the neuromotorium, (3) the pennicu- 
lus, (4) the esophageal process, (5) the paraesophageal fibrils, (6) the poste¬ 
rior neuromotor chain, and (7) postesophageal fibrils. All these parts have 
been figured and described, and their functions have been given, in so far as 
they could be determined. 

4. The neuromotor system is conceived to have primarily a conductile 
function on the basis of the following considerations: (1) all parts of the sys¬ 
tem, with the possible exception of the penniculus, are connected (2) parts 
of this system supply every movable portion or structure of the body except 
the contractile vacuoles, (3) all the body parts, except possibly the cilia of the 
penniculus, are coordinated, (4) the structure, position, and manner of at¬ 
tachment of the fibrils do not indicate a supporting or contractile function, 
(5) the system and all its parts are comparable to those found in other ciliate 
Protozoa, and considered as neuromotor, and (6) no other conceivable func¬ 
tion warrants a system so numerous in its elements and intricate in its con¬ 
struction, considering the facts already knovui about thft nature and behavior 
of Paramecium, The fibrils are probably not extremely specialized, but serve 
only incidentally and secondarily, if at all, a streaigthening function, by virtue 
of their tenacity. They do not add rigidity. 
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5. That portion of Klein’s silverline system that is composed of polygons is 
purely pellicular, and not fibrillar in any sense. It colors heavily in well dried 
preparations because it is made up of pellicidar ridges, which are the least 
protected by films of water and deposits of salts and offer better conditions 
for the deposit of colloidal silver than the smoother, less protected parts of the 
pellicle. The triehocysts are probably connected to the pellicle; hence, they too 
are not associated with the conductile system. The second or subpellicular 
portion of the silverline system is identical with the subpellicular fraction of 
the neuromotor system. Klein’s method fails completely to demonstrate the 
most intricate part of the neuromotor complex, that associated with the pha- 
rjTigeal region. Thus we see that the term “silverline” is only technical, and 
is morphologically confusing. 

6. The wet silver method of Gelei and Horvath is superior to Klein’s for a 
rapid study of the gross anatomy of the neuromotor system in Paramecium. 

7. Because the silverline system confuses parts of three very different struc¬ 
tures, the pellicle, triehocysts, and neuromotor complex; because it does not 
include more than a small part of the entire coordinating system; and because 
the name “silverline” is descriptive of the technique used to demonstrate the 
“system” rather than the structures themselves, the term “neuromotor sys¬ 
tem” is preferable when referring collectively to the conductile elements of 
ciliate Protozoa. 
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EXPLANATION OP PLATES 

All figures axe of Paramecium multimicronucleata, and^ unless indicated otherwise, are 
drawn with camera lucida from preparations fixed in Bchaudinn’s and stained with Heiden* 
hain’s haematoxylin. 


PLATE 2 

Fig. 1. Sagittal section 7.5 microns in thickness, showing the left half of the cyto- 
pharynx and esophagus and a portion of the posterior ventral half of the body. The cir¬ 
cular and radial cytostomal fibrils are readily seen. Small portions of the longitudinal 
and circular pharyngeal fibrils may be seen, but they were largely obscured by the dense 
cilia of the penniculus. Larger portions of these fibrils are visible in the esophagus. The 
penniculus is very prominent, and the esophageal process, the paraesophageal fibrils, 
the posterior neuromotor chain, and the postesophageal fibrils stand out almost with 
diagrammatic clearness. Certain of the endoplasmic fibrils are visible, but the neuromo- 
torium lies enough to the left to be obscured by the dorsal zone of cilia. The cilia of the 
pharyngeal region were not drawn in, for their presence would complicate the figure 
considerably. 

A spore of B, subtxlus is trapped in the paraesophageal fibrils. Two micronuclei, typical 
of the type found in P. multimicronucleata, are to be seen near the upper left of the figure. 

The line drawing indicates the position of the section in the animal, and the scale below 
represents 30 microns, x 2250. 
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PLATE 3 


A series of live (•ouseeutiv<‘ cross sections, eoeh 7,3 inierons in tlii(*kn(‘ss and viewed 
from tlie posterior end. 

Th(‘ line drawinfj sliows tlie positions of tlie sections in the animal. Jii tin* lower right 
is a scale of* 20 microns, x 1230. 

Fi|T. 2. Showing only the i)araesophageal fibrils. The }K)rtion of the eeto])lasm free 
from trichocysts marks the region of the cylopyge. 

Fig. 3. Showing the ]>osterior neuromotor chain, the paraesophageal and ])OHtesophag(‘al 
fibrils, and portions of the circular and longitudinal eso})hageal fibrils. The cilia of the 
esoj)hageal proc<*ss, which are not sliowm, obscure<l many of the fibrils. 

Fig. 4. Through the cytopharynx, showing the pnst<*rior margin of the cytostome with 
the circular and radial cytostoinal fibrils, the penniculus, bits of tin* circidar and longi¬ 
tudinal ])haryngeal fibrils, the neuromotorium, an»l a few' endoj)lasmic fibrils, and the 
])r(»ximal ends of the ])ost(‘Sophageal fibrils, to the right, ('ilia w<m’(' jiot draw’n. 

Fig. 3. Showing tin* U])i)er ])art of the cyto])harynx, with circular and longitudinal 
]diaryng('al fibrils, and tlndr corresponding parts in the cytostmne, the circular and 
radial cystoma! fibrils. A few' of the cilia at the u])per end of thi' doisal zone were draw'n 
to indicate its position. 

Fig. (I. Including the ant(‘rior margin of the cytostome, showing tlu‘ circular and radial 
cytostoinal fibrils. 
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PLATE 4 


A series of four consecutive fr6ntal sections, each 7.5 microns in thickness. 

The line drawing shows the positions of the sections in the animal, and at the lower 
left is a scale of 80 microns, x 1375. 

Fig. 7. Including the oral opening and a portion of the preoral suture, and showing in 
addition the circular and radial cytostomal fibrils and the cilia of the right and left 
walls of the cytostome. The cilia of the body surface have been omitted. 

Fig. 8. Through the pharynx, showing portions of the circular and longitudinal pharyn¬ 
geal fibrils and the cilia of the right i^nd left walls of the cytopharynx. At the margin of the 
section the radial cytostomal fibrils are present, and the curving longitudinal body fibrils. 
Between this area and the cytopharynx are numerous dark bodies which are the trichocysts, 
sectioned in various ways. 

Fig. 9. Showing the more dorsal and posterior part of the cytopharynx and the anterior 
ventral portion of the esophagus. 

Fig. 10. Showing the dorsal wall of the cytopharynx, with longitudinal and circular 
pharyngeal fibrils, some endoplasmic fibrils, the esophagus and esophageal process, the pos¬ 
terior neuromotor chain, and the postesophageal fibrils. The paraesophageal fibrils and the 
neuromotorium lie too much to the dorsal side to be seen. Dense cilia of the dorsal zone, not 
shown in the figure, obscured underlying structures. 








PLATE 5 


Fig. 11. The eytostomal region from a specimen prepared by Klein’s method but not 
allowed to dry completely. Showing the longitudinal body fibrils, the circular cyto- 
stomal fibrils, the basal granules, and, more faintly, the pellicular ridges. A portion of 
both the preoral and the postoral suture is shown, and the outline of the cilia of the left 
cytostomal wall. Below is a scale of 30 microns, x 1700. 

Fig. 12, Somidiagrammatic drawing of the pellicular structure and the basal granules 
and longitudinal body fibrils. Based on drawings and measurements taken with camera 
lucida from a tangential section of the anterior dorsal surface, x 7300. 

Fig. 13. Same as above, but viewed in side elevation. Based on camera lucida drawings 
of longitudinal sections of anterior dorsal region, x 7300. 

Fig. 14. Composite drawing based on figs. 12 and 13. x 7300. 

Fig. 15. Showing internally discharged trichocysts in a specimen where they can be 
positively identified as such and not mistaken for ciliary rootlets or internal fibrils. 
Below is a scale of 30 microns, x 915. 


[ 70 ] 



UNIV. CALIF. PUBL. ZOOL. VOL. 39 


PLATE 6 


Line drawings made with the aid of a camera lucida from the photomicrographs of 
plate 7. See explanations of figures of plate 7. 

Abbbeviatioks 


penn, penniculns 
neuromot, neuromotorium 
long, phar, fib, longitudinal pharyngeal 
fibril 

dr, phar, fib, circular pharyngeal fibril 
dor, zone dl, dorsal zone of cilia 
dl, eso, proo, cilia of esophageal process 
eso, proo, esophageal process 
posieso, fib, postesophageal fibril 
bas, gr, basal granule 


acc, bas, gr, accessory basal granule 
long, bod, fib, longitudinal body fibril 
trio, gr, trichocyst granule 
pell, line pellicular line 
endopl. fib, endoplasmic fibril 
post, nevr, eh, posterior neuromotor chain 
paraeso, fib, paraesophageal fibril 
dr, € 80 , fib, circular esophageal fibril 
long, eso, fib. longitudinal esophageal 
fibril 
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PLATE 7 

Photomicro^aphs taken by J. E. Gullberg 

Fig. 23. Longitudinal section through cytopharynx and gullet, showing particularly 
the penniculus and the neuromotorium. The section was 7.5 microns in thickness, x 1050. 

Fig. 24. Another level of the same section as the above, to show especially the longi¬ 
tudinal and circular pharyngeal fibrils and their intersections in the basal granules, the 
dorsal zone of cilia, the postesophageal fibrils, and the esophageal process. 

Fig. 25. A portion of the dorsal surface of a specimen prepared by Klein's method 
and thoroughly dried on the surface before being treated with silver nitrate. Chosen to 
show especially the multiple nature of the granules near the centers of the polygons, 
i.e., the basal granules and accessory basal granules, and the apparent double nature of 
the pellicular lines in places. Accessory fibrils and other irregularities also occur, x 1850. 

Fig. 26. Cross section, 7.5 microns in thickness, from an animal fixed in Zenker ^s with 
2.5% acetic acid, and stained in Mallory’s. Showing four prominent endoplasmic fibrils 
traversing the entire body. These lay at the extreme low focus, and the following sec¬ 
tion at high focus showed the neuromotorium, with which they undoubtedly had been 
attached, x 550. 

Fig, 27. Oblique section, 7,5 microns in thickness, showing particularly the dorsal 
zone of cilia and the postesophageal fibrils, x 550. 

Fig. 28. From cross section of 7.5 microns, showing especially the posterior neuro 
motor chain, somewhat coiled, and the paraesophageal and postesophageal fibrils. x550. 

Fig. 29. From cross section of 7.5 microns, showing an end view of the penniculus, also 
the circular pharyngeal fibril, and at the extreme left a portion of a radial cytostomal 
fibril. X1050. 
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NEW SPECIES OF PROBOSCIDIELLA AND 
DEVESCOVINA FROM KALOTERMES 
OCCIDENTIS WALKER, A TERMITE 
OF LOWER CALIFORNIA 

BY 

WALTER W, LEWIS 


INTRODUCTION 

The family O^^mionadidae is characterized by the possession of a peculiar 
organelle of attachment, the rostellum. Of the two better known genera of the 
family, Oxymonas is uninucleate while Proboscidiella is primarily multinu- 
cleate. Proboscidiella mvltinucleata, the type of its genus, was described by 
Kofoid and Swezy (1926) and P. kofoidi by Kirby (1928). Another member 
of the genus, P. occidentis sp. nov., occurs in Kcdotermes occidentis Walker. 
In the same termite is Devescovina polyspira sp. nov., a species of Trichonym- 
pha, and Tricercomitus divergens Kirby. 

Advice and assistance in preparation of the paper have been given by Dr. 
Harold Kirby, Jr. and Dr. S. F. Light. 

Material and Techniqite 

The material for the study of two species of Protozoa from Kalotermes occi¬ 
dentis was loaned to the author by Dr. S. P. Light. The termites were col¬ 
lected in Lower California, Mexico, and the smears made and stained under 
Dr. Light’s direction by Miss B. J. Andrew. The stains and fixatives used were 
Da Fano’s cobalt nitrate silver as a combined fixative and stain, Delafield’s 
haematoxylin after Bouin’s fixative, and Heidenhain’s iron alum haematoxy- 
liiL also after Bouin’s. 


Proboscidiella occidentis sp. nov. 

, Morphology 

There is a considerable variation in the shape and size of this species. The 
' body is sometimes nearly spherical and at other times very much elongated, or 
it may be stretched partly around a piece of wood larger than itself, thereby 
conforming to the shape of the wood that it is trying to engulf. The usual body 
form is broadly ovoidal or pyriform, tapering towards the anterior end where 
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the roetelltun is attached. This organelle was termed the proboscis by Eofoid 
and Swesy (19266) but may better be termed the rostellum. For the correc¬ 
tion of nomenclature see Kirby (1928). 

The average size of one hundred individuals was 36.2 microns wide by 63.5 
microns long. The width varied from 11 to 80 microns, the length from 26 to 
133 microns. The length was measured exclusive of the rostellum. The average 
length of the rostellum in one hundred individuals was 139.6 microns. 

The body surface of Proboscidiella occidentis has a characteristic cover¬ 
ing of bacteria. These are moderately long, usually curved, and often occur in 
great profusion scattered promiscuously over the surface, attached by one end 
to the protozoan. They stain deeply in iron-haematoxylin. A few bacteria are 
sometimes found attached to the rostellum (pi. 9, fig. 17). A thin layer of 
finely granular ectoplasm is usually present, varying in thickness from almost 
nothing to ten microns, and surrounded externally by a thin pellicle. The 
inner margin of the ectoplasm merges with the coarser endoplasm, which is 
filled with alveoli, and with certain slightly staining spherules always enclosed 
in vacuoles (pi. 8, fig. 12; pi. 9, figs. 16 and 19). These endoplasmic spherules 
seem to have a finely granular structure. The comparable yellow-brown spher¬ 
ules in P. kofoidi Kirby were believed to be a reserve food supply. There are 
still other structures, not figured, which vary in diameter from one-lialf the 
nuclear diameter to that of a large nucleus and are of loose construction, re¬ 
sembling nuclei without karyosomes. These peculiar structures appear in only 
a few individuals, but when present they often occur in large numbers. 

In the endoplasm occur both large and small pieces of wood enclosed in 
vacuoles. Some show by their more rounded form the result of action of the 
digestive enzymes of the protozoan. The wood particles may be so large that 
the internal structures of the animal are pushed quite out of position. The 
engulfing of the wood evidently occurs by a pseudopodial action of the cyto¬ 
plasm, reported by Kofoid and Swezy (19266), and substantiated by the 
writer’s observation of certain individuals fixed in the process of feeding. 

As to cyst formation in Proboscidiella, the writer is much in doubt, al¬ 
though some evidence was presented by Kofoid and Swezy (19266). Individ¬ 
uals with a conspicuous ectoplasm and no rostellum, resembling their figure 
of an apparent cyst, were seen in the writer’s material. But individuals with 
conspicuous ectoplasm, rostellum, abundance of ingested wood, and elongated 
body have the appearance of being in an active state. Others without a ros¬ 
tellum show no conspicuous ectoplasm (pi. 8, fig. 12). 

In the cytoplasm are certain tubular structures termed ‘‘vestigial sleeves” 
in P. fnuliinucleata by Kofoid and Swezy (19266), in reference to the simi¬ 
larity of appearance to the so-called sleeve of Oxymonas. The tubes appear to 
be of organic origin, many of them staining with iron-haematoiylin. They 
are found in a few Protozoa and in the intestinal contents of the termite. From 
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one to five of them have been found in individual ProhoscidieUa (pL 8, fig. 4). 
When found in the intestinal contents of the termite they are never stained, 
whereas when found in the Protozoa they may be unstained or they may stain 
in any degree to a very dark color. This staining reaction is relatively inde¬ 
pendent of the staining reaction of the protozoan host. One of these tubes has 
been found in Devescovina polyspira, in which it was of the characteristic 
yellow color as it appears in the intestinal contents of the termite and in some 
of the Protozoa. The tubes are not enclosed in vacuoles when in the cytoplasm. 
Outside of the flagellates several have been found of considerable length (63 
microns) (pi. 8, fig. 6), and divided into as many as seven segments, which 
apparently break off into small sections, thus being more easily engulfed by 
the flagellates. 

The conclusion is that the tubes are probably of plant origin, for they re¬ 
semble tracheal tubes. The action of the digestive enzymes of the protozoan 
on the tubes have probably made them more stainable. 

The nucleus in this species is usually in the anterior portion of the indi¬ 
vidual closely applied to the axostyle along one surface, which is the only 
apparent connection to the neuromotor system. The axostyle is usually peri¬ 
pheral to the nucleus (pi. 8, fig. 3). The number of nuclei in individuals of 
this species varies from one to seventeen, P, occidentis being the only species 
in this genus so far described with abundant uninucleate stages. The nuclei 
averaged in size, in fifty-seven individuals, 5.15 microns wide (3.8 to 8.8 mi¬ 
crons) by 6.89 microns long (4.0 to 9.7 microns). In general the number of 
nuclei is in proportion to the size of the body. There may be an odd or even 
number of nuclei, and there may be a greater or smaller number of nuclei 
than of mastigonts (fig. A, 3-5). 

The following tabulations give the relative numbers of nuclei per indi¬ 
vidual and the relative numbers of axostyles per individual: 

Number of nuclei. 1 2 3 4 5 6 7 8 9 10 11 12 13 17 

Number of individuals_ 39 10 12 22 39 30 17 15 1 5 4 2 3 1 

Number of axostyles. 1 2 3 4 5 6 7 8 9 10 11 12 13 

Number of individuals. 39 9 10 16 41 39 23 10 3 3 3 2 2 

Thede tabulations were made from approximately two hundred individuals 
of which sixteen (8 per cent) had a larger number of nuclei than axostylegi 
and twenty (10 per cent) had a few extra axostyles. Eighteen per cent there¬ 
fore had either extra nuclei or extra axostyles. It wdll also be noted that there 
is an abundance of uninucleate stages. Omitting the uninucleate stage, there 
is a steady increase of individuals with larger numbers of axostyles and nuclei 
up to five, and from there on the number of individuals with more mastigonts 
decreases to thirteen with the exceptional case of seventeen nuclei in an indi¬ 
vidual which contained only seven axostyles (fig. A, 4). Excluding the uninu¬ 
cleate stages, the average number of nuclei per individual is 5.5 in two hun¬ 
dred individuals. 
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The nudeus is bounded by a thin membrane. The chromatin material is 
usually in small, Tarionsly'Shaped masses, sometimes apparently in a network 
yet not at any time definitdy of a reticulate form. The nucleus ranges in size 
from 3.9 to 9.3 microns in diameter averaging about 6 microns in fifty-seven 
individuals. This is close to the size of the nucleus of the type species. The 
nucleus is usually spherical or ovoidal. 
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Fig. A. Prohoao%d%ella ocddentis sp. nov. i. Fisrion in which the nuclei have separated 
and two rostella are formed. X. Division form, migrated nuclei undergoing misosis; degen¬ 
erate rostellum. S, Three nuclei and seven azostyles. 4, Seventeen nuclei, seven axostyles. 
5, Ten nuclei, six axostyles. Magnification: x 740; i, 5, 4, 5, x 360. 

Usually in the posterior part of each nucleus, is a clear space in which the 
karyosome is situated. The diameter of this space varies from 1.5 to 6 microns, 
averaging 3 microns. The diameter of the karyosome varies from 0.8 to 2.3 
microns averaging 1.6 microns, which is about one-fourth the nuclear diam¬ 
eter. The karysome in this species is larger than in the type species and smaller 
than the karyosome in P. kofoidi Kirby. The clear space containing the karyo¬ 
some often contains fibers radiating from the karyosome td the periphery. 
These may be only artifacts of fixation and staining; nevertheless, they are 
constant in all three species of this genus. Often there is a settling of chroma¬ 
tin material on the periphery of the clear space, in the form of small globules 
(pi. 9, fig. 13). A few oases have been found of the existence of kft apparent 
lateral granule in the space. 
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The karyosome is of irregrolar outUhe and stains deeply in iron-haematozy- 
lin. Occasionally a clear space is to be seen in its center, or there may be as 
many as four spaces in a single karyosome. This is shown clearly after Dela* 
field’s stain (pi. 2, fig. 16). The writer has no evidence that a central granule 
is present in it. Usually there is only one karyosome in each individual, but 
several individuals have been found in which a double karyosome or two 
definitely separated ones occurred (pi. 8, figs. 9 and 10). 

The neuromotor system of this protozoan is different from those described 
in the other species in the genus. Cytoplasmic fibers, which were called by 
Kofoid and Swezy (19266) “retractor fibers,” are present in P. occidentis, 
extending longitudinally throughout the endoplasm. They are as long as the 
azostyles and have their origin in the rostellum (pi. 8, fig. 3). The neuro¬ 
motor system of each mastigont is a double system in which two pairs of 
flagella, two blepharoplasts, rostellar fibers, a posterior rhizoplast, an inter- 
blepharoplast bar, an axostyle, and a nucleus make up the ensemble. The 
axostyle stains deeply with iron-haematoxylin and tapers very gradually at 
both ends to the thickest part which is in proximity to the nucleus. This tap¬ 
ering is di.stinct from the abrupt tapering of the axostyles of the other two 
species in the genus. Over the nucleus the axostyle is flat and ribbon-like, 
staining a lighter color because of its thinness. Its entire length is twisted and 
smoothly curved to the posterior end, which often has an arrow-shaped tip 
on it (pi. 9, figs. 15 and 19). Tiie last third of the axostyle may be bent toward 
the pellicle of the body through which it may project. It often appears to be 
of a fibrillar nature. The anterior end projecting into the rostellum forms 
several strands of a rostellar fiber. The arrow-shaped end possibly drops off 
or shrinks to the usual pointed end. 

The anterior flagella are about forty microns in length. The blepharoplasts 
are of nearly equal size, although one of each pair may be slightly larger than 
the other. From each blepharoplast a filament passes forward, possibly to join 
the axostylar filaments in the rostellum. One of the pair of blepharoplasts has 
another connection to the axostyle by a posteriorly projecting strand or rhizo¬ 
plast which reaches the axostyle anterior to the nucleus (pi. 9, figs. 13 and 15). 
This posterior rhizoplast is not always discernible. The two blepharoplasts 
appear to be connected by a diagonal interblepharoplast bar of lightly stain¬ 
ing material which connects the flagellar units beneath the axostyle (pi. 9, 
figs. 13,15; pi. 8, fig. 11). The interblepharoplast bar is composed of a hyaline 
substance and is fairly wide (perhaps one-half a micron). 

In the vicinity of the blepharoplasts, rhizoplast, and prenuclear portion 
of the axostyle in some individuals, there is a lightly stainable area which 
suggests a membrane (pi. 8, fig. 1; pi. 9, figs. 14 and 20). 

Certain aggregations of granules have been found which are comparable to 
the similar granules found in P. kofoidi by Eirby (1928). These granules ap'^ 
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pear in the same place as the true parabasal body in some other flagellates. 
The grannies (pi. 8, fig. 7), although sometimes scattered, are usually foimd 
in groups of two’s or three’s or in a curved line of five or six. There is no ap¬ 
parent connection between them. Their position is usually anterior to the 
nucleus where they lie parallel to the longitudinal axis of the body. They stain 
with iron-haematoxylin. 

The width of the rostellum varies from 1 to 3.5 microns. Often there is a 
bulb about 4.4 microns wide at its distal end, or the tip may be truncate (pi. 8, 
figs. 2a, 2b). The length of the rostellum ranges up to 431 microns, averaging 
in one hundred individuals 139.6 microns, which is 2.2 times the length of the 
average individual. One protozoan with a body 40 by 60 microns had a ros- 
tellum 423 microns long, which is 7 times the length of its body. On plate 8, 
figure 12, is shown an individual without a rostellum. It is possible that the 
rostella instead of being retracted are detached, as a number of unattached 
rostella have been found in the intestinal contents. No examples of rostellar 
ends with a definite cup shape have been found. Many of the tips seem to be 
torn or frayed, as if the distal end had been broken off. 

Two kinds of division have been observed in this species, binary fission and 
mitotic division. A few examples of simple binary fission have been found 
(fig. A, 1). Fission may be equal or unequal. Either way, the complete set of 
mastigonts remains intact, the division being merely plasmotomy. The first 
sign of the premitotic stage is the clumping together of the chromatin mate¬ 
rial and its drawing away from the nuclear membrane, leaving a large clear 
space surrounding the karyosome, which generally draws closer to the center 
of the nucleus. Next, the nucleus usually migrates to the posterior part of the 
bpdy, where the process of division is completed. Only a few instances of the 
early stages were found. As the chromatin material clumps together a centro- 
desmose is formed extending from one side of the nucleus to the other (fig. A, 
2; pi. 9, fig. 18). No paradesmose has been found. 

During mitotic division the old neuromotor systems apparently are aban¬ 
doned by the nuclei, and degenerate. No evidence of multiple fission has been 
seen on these slides. 


ProbMcldlella occidentis ep. nov. 

Diagnosis .—Body about 36 by 64 microns; rostellum averaging a little 
over twice the len^h of the body; each mastigont including two blepharo- 
plasts connected by a hyaline but stout interblepharoplast bar, each blepharo- 
plast giving rise to a pair of flagella about two-thirds the body lengtii; axo- 
style not dfiferentiated into anterior axostylar process and axostyle proper, 
but continuing into rostellum; blepharoplasts connected to rostellar fibers 
which run parallel to the axostyle, and closely approximate if they do not join 
the anterior prolongation of the axostyle into the rostellumnucleus with 
karyosome enclosed in a clear space; body usually containing cWracteristic 
granules as well as wood particles. 
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About 23 per cent of all the individuals are uninucleate forms. Excluding 
the uninucleate stages, the average number of mastigonts per individual 
is 5.5. 

Long, hair-like micro-organisms attached by their ends cover the surface 
of the body. 

Host.—Kaloiermes occidentis Walker, Lower California, Mexico. 


Comparison with Other Species 

The body sizes are approximately equal in the three species. The rostellum 
is recorded as longest in P. multinucleaia and shortest in P. kofoidi. Uninu¬ 
cleate stages have been described in P. mtdtinucleata and P. occidentis. In 
P. kofoidi there are from two to thirty-four nuclei per individual. The size of 
the nucleus in all three species is about the same. The karyosome of the type 
species is smallest, reaching only about one-fifth the diameter of the nucleus, 
while that of P. kofoidi is largest, averaging one-third the diameter of the 
nucleus. The karyosome of P. occidentis averages a little over one-fourth the 
diameter of the nucleus. 

The tubular structures called “vestigial sleeves” have been found in the 
cytoplasm of all three species. The cytoplasmic fibers are said to be limited to 
the periphery in the type species, whereas they extend throughout the entire 
endoplasm in both P. kofoidi and P. occidentis. The anterior flagella in P. mid- 
tinucleata are said to average about 18 microns in length, which is the short¬ 
est recorded in this genus. P. kofoidi has the longest flagella, averaging 60 
microns, while in P. occidentis the flagella average 40 microns. In P. mtdtinu¬ 
cleata only three flagella have been reported per mastigont; in the other spe¬ 
cies each mastigont has tuo pairs. 

In all three named species of the genus there occur in each mastigont two 
blepharoplasts. These are connected by a stout blepharoplast bar in the type 
species, by an interblepharoplast filament in P. kofoidi, and by a stout but 
soraew’hat longer bar in P. occidentis. The arrangement of the rhizoplasts dif¬ 
fers considerably in P. mtdtinucleata and P. occidentis. There is no apparent 

rhizoplast connection between the blepharoplasts and the nucleus in P. occi- 
« 

dentis as there is in P. multinucleata. The flagella of the type species are said 
not to be equal in thickness, but the flagella of P. kofoidi and P. occidentis are 
apparently of equal thickness. 

Another distinct difference between this new species and the others is that 
the axostyle of P. ocHdentis tapers very gradually from its greatest width to 
its narrowest portions anteriorly and posteriorly with no such abrupt narrow¬ 
ing as occurs in both P. multinucleata and P. kofoidi at the juncture of the 
axostyle with the blepharoplast. Another difference is in the uniformity of 
staining that occurs in the axostyle of P. occideiUis and does not occur in the 
staining of P. kofoidi, as seen on certain slides loaned to the writer by Dr. 
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Kirby. The latter species showed a lack of staizdng reaction of the axostylar 
prolongations that extend into the rostellnm, even when slides were compared 
that were both staiiied and fixed with the same reagents. 

The bacterial floras on the surface of all three species differ, as can be seen 
by comparing the drawings. 

The geographical distribution of the three species of termites from which 
the three species of ProboscidieUa came is very different. P. mvltinucleata 
occurs in a termite of the Philippine Islands, Ealotermes (Planoeryp- 
iotermes) nocens; P. kofoidi in a Central American termite, Ealotermes 
(Cryptotermes) dudleyi; and P. ocddentis is found in a Lower California 
termite that probably does not extend its range as far south as Central 
America. 


Deveseovlna polrspira sp. nov. 

Mobfholoot 

Devescovina polyspira sp. nov. has a broadly ovoid body ranging in width 
from 9 to 44 microns, averaging 21.1, and in length from 24 to 94 microns, 
averaging 44.8 in 81 individuals. There are apparently two variants in size 
and shape in this species; one, a slender elongated type, the other ovoid, ro¬ 
tund, and somewhat larger. Definitely intergrading sizes show that they are 
both of the same species, although the larger one usually has the split para¬ 
basal body while the smaller has a simple parabasal body. The anterior end is 
often extended by a papilla. 

Few adherent micro-organisms are to be found on this protozoan, and those 
few are usually in small clusters on the posterior or anterior end. There are 
no cuticular striations in this species. 

The cytoplasm is alveolar and finely granular between the alveoli. All 
foreign inclusions are contained in vacuoles. The body is engorged with wood 
particles, and a few bacteria are to be found in the cytoplasm, always within 
vacuoles. Parasites were found in the cytoplasm of a few individuals (pi. 10, 
fig. 26). 

An internal clear area extending from the posterior end of the nucleus to 
the body surface on one side of the nucleus, usually opposite the cresta or 
chromatic basal rod, has the appearance of a cytostome (pi. 9, fig. 21; pi. 10, 
figs. 31 and 32). There does not appear to be so complex a structure as the 
group of clear areas and internal membranes of Metadevescovina debUis 
Light (1926). 

The single nucleus at the anterior end of the body, with a membrane which 
is irr^niiar and wrinkled, is usually bluntly pointed at the anterior end and 
broadly rotmded at the posterior end. The chromatin materially the resting 
stage is contracted from the nuclear membrane, leaving a clear zone. The 
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chromatin material is densely staining in Heidenhain’s iron-haematoxylin, 
Delafield’s haematoxylin, and Da Fano’s cobalt nitrate silver. The mass of 
nuclear chromatin is often lengthened transversely, with rough uneven 
boundaries, and with dimensions of about 3 by 5 microns. The dimensions of 
the region enclosed by the nuclear membrane reach 6 by 7 microns, but aver¬ 
age 4 by 5 microns in average sized specimens. The densely staining eccentric 
karyosome which is about one micron in diameter, is enclosed in a clear space 
1.5 microns in diameter. Usually there is only one karyosome, but several speci¬ 
mens have been found with two karyosomes. A posterior projection of denwly 
staining nuclear material projects from the nuclear mass in the direction of 
the axostyle. 

The neuromotor apparatus consists of blepharoplast, cresta or chromatic 
basal rod, trailing flagellum, three anterior flagella, parabasal apparatus, and 
axostyle. The blepharoplast is about one-half a micron in diameter and appears 
in some individuals to consist of two or three granules. The subtriangular, 
densely staining cresta is attached to the blepharoplast by a thread (pi. 10, 
fig. 31). It varies in length from one and a half to nearly three times the larg¬ 
est dimension of the nucleus. In an individual 25 by 43 microns, containing 
a nucleus 5 by 6 microns, the cresta was 15 microns long. The attached end or 
base of the triangle is flat and broad, tapering to a bluntly pointed rod at its 
distal end. The trailing flagellum remains so close to the cresta during the first 
part of its course, that often, when the flagellum is projected anteriorly, the 
cresta swings around and closely approximates its course, although probably 
it never protrudes through the pellicle of the protozoan. The trailing flagel¬ 
lum tapers to a fine point at both ends with a very long taper to a most delicate 
thread at the distal end. The entire length is from one to one and a half times 
the body lengtli of the protozoan. The flagellum is not flat but round and 
whip-like. 

Three delicate anterior flagella of nearly one and a half times the body 
length extend from the blepharoplast. They are of practically the same diam¬ 
eter throughout their entire length except for a slight taper in their distal 
portion. In many individuals the anterior flagella seem to be attached at their 
proximal ends to the protozoan for a distance of from 4 to 6 microns. This 
attachment of the anterior flagella to the body surface is similar to that de¬ 
scribed by Qrassi (1917) for Deveseovina glabra. 

In plate 10, figure 24, is a figure which appears a bit puzzling as the micro¬ 
organisms on the au'terior end resemble what might easily be taken for an¬ 
other group of flagella. Several specimens have been found which present the 
same appearance, and almost all individuals appear to have certain radiating 
lines in a fan shape anterior to the nucleus. These lines appear to be as thick 
as the “basal granules” of Met<idevescovina debUis Light (1926), which were 
the bases of the supposed tertiary flagella. 
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The hyaline azostyle, which is usually eiurved and fibrillar, flares at the 
anterior end to partially surround the nucleus. An enlargement at the pos¬ 
terior end as it projects from the body has a siderophile muff or ring about it. 
Posterior to the muff, the azostyle tapers to a point. The azostyle in this spe¬ 
cies is probably very flezible, for in the fized specimens the azostyle is found 
in every degree of flezion, sometimes paralleling the rotund curve of the body 
wall. The anterior end of the azostyle is in contact with the blepharoplast. 

There were prominent in some individuals certain darkly staining, enig¬ 
matic structures which resemble a comma in shape (pi. 10, fig. 24). One was 
attached by its blunt end to the blepharoplast and the other was free and 
separated by a space of only a few microns. 

The split parabasal apparatus is the most distinctive characteristic of 
this species. The apparatus consists of a parabasal body with a parabasal 
thread which eztends its full length along the inside margin and attaches to 
the blepharoplast. The parabasal body continues with the same diameter 
from its anterior to its posterior end. Distally the parabasal apparatus may 
occur unsplit or may be partially divided into as many as siz or eight strands, 
each inaking from three-fourths to two and a half turns about the azostyle and 
nucleus and continuing with the same diameter to a blunt end. This resembles 
the parabasal apparatus in Devescovina nova Grassi (1917) ezcept that in¬ 
stead of being eztended posteriorly as far as Grassi’s drawings show it to be, 
the parabasal apparatus of this species is more closely coiled around the an¬ 
terior portion of the azostyle in a left spiral. In material prepared by Bouin’s 
fizative and iron-haematozylin, the parabasal body is hyaline, although the 
parabasal thread stains darkly enough to be seen. In Delafield’s haematozy- 
lin and Da Fano’s stain the parabasal body appears vacuolated much the same 
as in the “vesicules chromophobes” of Devescovina hUli Duboscq and Grass4 
(1928). Usually one row of vesicles only is present, but other individuals have 
two rows, or the vesicles may be of smaller size and scattered in no definite 
order in the parabasal body (pi. 10, figs. 27-30). 

Few division stages were found in the material at hand, but it is obvious 
that the type of division (pi. 10, figs. 25 and 26) is the same as that of the 
other species of Devescovina. 


Devescovina potjnqiln sp. nov. 

Diagnosis .—Dimensions of the broadly ovoid or pyriform body averaging 
21 by 45 microns; oval nucleus with a clear zone between the central chro¬ 
matin mass and the distinct nuclear membrane and an eccentric karyosome 
surrounded by a halo; often a cone of darkly staining material projecting 
posteriorly from the c^omatin mlaterial of the nucleus toward the azostyle; 
three delirate anterior flagella; trailing flagellum slender, roui}^ and taper¬ 
ing at both ends; trailing fiageUum and anterior flagella one and a half times 
the body length; snbtriangular cresta in length one and a half to three times 
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the diameter of the nucleus; fibrillar hyaline axostyle passing around one side 
of the nucleus, often projecting posteriorly in a tapering point, encompassed 
by a siderophile muff at the point of emergence from the body; parabasal body 
making three-fourths to two and a half laeotropic turns about the nucleus 
and axostyle, distally often split into as many as six or eight strands; con¬ 
nected to the blepharoplast by a peripheral parabasal thread which extends 
throughout its entire length; anterior clear area on one side of the nucleus 
clearly discernible, extending into the body at least as deeply as the posterior 
end of the nucleus. 

Host.—Kalotermes ocddentis Walker, Lower California, Mexico. 


SUMMARY 

1. ProhoscidieUa occidentis sp. nov. is described from the termite Kalo¬ 
termes occidentis Walker, of Lower California, Mexico. 

2. Tubular structures sometimes found in the cytoplasm are probably of 
plant origin, possibly tracheal tubes. 

3. The average number of nuclei per individual is 5.5, but about 23 per cent 
of all individuals observed were uninucleate. 

4. The two blepharoplasts in each mastigont are connected by a stout, hya¬ 
line interblepharoplast bar, and each blepharoplast gives origin to a pair of 
long flagella. 

5. Devescovina polyspira sp. nov. is described from the same termite. 

6. This species is unusual in that the parabasal is often split, dividing dis¬ 
tally into as many as six or eight strands. 

7. A fibrillar, hyaline axostyle with a terminal expansion and a sidero¬ 
phile muff at the distal end is present. 
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EXPLANATION OF PLATES 


AH (Irawiiijjs won* inadt* with the aid of a camera lucida, excepting figures 23 and 32 
on plate 10. Abbreviations for methods of preparation: B., Bouin’s fixative; H., Heiden 
hain’s iron haematoxylin; D., Delafield’s haematoxylin; and D.F., Da Fano’s stain. 
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Probosoidiella ocddentis sp. nov. 

Fig. 1. ITninucleate individual, showing flagolla, axostylo, blepharoplasts, and rostelluin. 
Note apparent membrane anterior to the nucleus. B.H. x 740. 

Fig. 2. a. Bulbous end of rostellum. B.H. x 1385. 
h. Truncate end of rostellum. B.H. x 1385. 

Fig. 3. (Showing close application of axostyles to nuclei; detached nucleus in posterior 
portion of body; cytoplasmic fibers; endoplasmic spherules. B.H. x 740. 

Fig. 4. Tubular structures in the cytoplasm, five in number; large wood particle in pos¬ 
terior portion of individual. B*.H. x 740. 

Fig. 5. Tubular structures in cytoplasm, colored yellow, or unstained. 

Fig. 6. Yellow-colored tube evidently of the same material as those shown in figur(‘8 5 
and 6 but found free in the intestinal contents of the termite; note the segments or joints 
which would probably allow easy cb'avage of parts about the 8am(‘ length as those found in 
the protozoan body. B.H. x 740. 

Fig. 7.Showing groups of granules anterior to nuclei; flagella; wood particles. B.ll. 
x 740. 

Fig. 8. Nucleus of a uninucleate individual, showing clumped chromatin. B.H. x 1385. 

Fig, 9. Nucleus showing condensed chromatin and double karyosome. B.H. x 1385. 

Fig. 10. Two karyosomcs; massed chromatin; anterior part of axostyle. B.H. x 1385. 

Fig. 11. Showing the detailed structure of the mastigonts, and arrow-shaped tii>8 on the 
axostyles. D.F. x 740. 

Fig. 12. Hostellum retracted or missing; note fibrillar anterior portion of axostyle; wood 
particles in cyptoplasm enclosed in vacuoles; flagella. B.II. x 740. 
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Figures 13-20. Prohoseidiella ocHdentu sp. nov. 

Fig. 13. Semidiagrammatic drawing of neuromotor system, with resting nucleus, in a uni¬ 
nucleate protozoan; nuclear granules grouped around halo, as frequently occurs. B.H.xl385. 

Fig. 14. Apparent membrane anterior to the nucleus which is often found in one and two- 
nucleate flagellates. B.H. x 1385. 

Fig. 15. Neuromotor system dra^n from individual illustrated in pi. 1, fig. 11; showing 
rostellar filaments, rhizoplast, blepharoplasts, interblepharoplast bar, axostyle with arrow- 
shaped posterior end and anterior extension, and flagella. B.H. x 1385. 

Fig. 16. Vesicle# in karyosome; Tncercomitns attached to the rostellum; rostellum is 
102 microns long in this specimen. B.D. x 740. 

Fig. 17. Showing microorganisms on the surface of the body. These occur on nearly all 
individuals, but have been omitted in other drawings. B.H. x 740. 

Fig. 18. Division form of nucleus, showing centrodesmose. B.H. x 1.385. 

Fig. 19. Ectoplasm, endoplasm, endoplasmic spherules in vacuoles; cytoplasmic fibers; 
elongated blepharoplasts; wood particles in cytoplasm; arrow-pointed tips on axostyles; 
radiating threads from karyosome to periphery of clear area. B.H. x 740. 

Fig. 20. Uninucleate individual showing apparent membrane anterior to the nucleus. 
B.H. X 1385. 

Fig. 21, Devescovtna polysptra sp. nov. Entire individual; optical set'tion through para 
basal body, with surrounding clear space, showing the parabasal thread in cross 8i*ction; 
fibrillar axostyle; bacteria (I) coiled in vacuole; wood particles; muff or ring on the end 
of the axostyle; three anterior and one trailing flagella; cresta or chromatic basal rod. 
B.H. X 1385. 
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Devescovina polyspira sp. nov. 

Fig. 22. Posterior projection of stained chromatin material in nucleus; cresta. B.H. 
X 1385. 

Fig. 23. Transverse nucleus; karyosome surrounded by clear area. D.F. 

Pig. 24, Group of adherent spirochaetes attached anterior to nucleus, simulating a group 
of flagella. B.H. x 1385. 

Pig. 25. Division form; flbrillar axostyle, enlarged; paradesmoso; club-shaped i)arabasal 
bodies. D.F. x 1385 

Pig. 26. Division form with split parabasal body; fibrillar axostyle; parasite in cyto¬ 
plasm, common in this protozoan. D.F. x 1385. 

Pigs. 27-30. Parabasal bodies, showing vesicles and split posterior portions. The more 
complex parabasal apparatus, as indicated by splitting, occurs in flagellates of larger size. 
That containing the parabasal body of fig. 27 measured 17 by 48 microns; that of fig. 30, 
28 by 88 microns, x 1385. 

Pig. 31. Flagella, papilla, blopharoplast, cresta with clear area adjacent to it, parabasal 
apparatus barely visible. B.H. x 1385. 

Fig. 32. Sketch showing the clear area curving around the nucleus; gentian violet stain 
used. 
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A NEW BLIND ISOPOD, ASELLUS CALIFORNICUS, 
AND A REVISION OF THE SUBTERRANEAN 

ASELLIDS 

BY 

MILTON A. MILLER 


INTRODUCTION 

The blind isopods here described possess the characters ascribed to Caeci- 
dotea Packard. After a comparative investigation of that supposed genus 
and the genus Asellus Geoflroy, however, I have concluded that Caeddotea is 
invalid for reasons to be given, and that the species grouped under that name 
should be placed under Asellus. Consequently the new species here described 
is placed under the latter genus. 

The specimens were collected by Professor E. 0. Essig from a renovated 
fresh-water well on the ranch of Mr. William Tuttle near Kelseyville, Lake 
County, California, in March 1931, and were given to Professor S. J. 
Holmes, who turned them over to me for examination. Mr. Tuttle later kindly 
furnished me with information regarding the circumstances of collection. As 
none of the females was carrying young, attempts were made by Professor 
Essig through letters to Mr. B. C. Barnard, County Agent, United States 
Department of Agriculture at Kelseyville, and by myself through a visit to 
tlie ranch in June, 1932, to secure more specimens, but we were not successful. 

I am indebted to Dr. Holmes for permission to examine the material, and 
for helpful advice and criticism. Thanks are also due Professor Essig, Mr. 
Tuttle, and Mr. Barnard for the courtesies shown me. 

Asellus callfomlcus sp. nov. 

Figures 1-14 

Description .—All specimens taken, of about same size. Largest specimen 
(male) little more than five times longer than wide, 6.2 mm.: 1.2 mm. Color, 
in alcohol, creamy white. Body loosely articulated, of practically uniform 
width. Surface smooth; margins of segments fringed with hair. 

Head longer and slightly narrower than first thoracic segment, three- 
fourths as long as wide. Front widely notched for insertion of antennae. Post- 
mandibular lobes sm^l but distinct. Byes absent. 

Flagellum of first antenna with eight segments; tip of flagellum extending 
to distal end of fourth segment of second antenna. Basal articles of peduncle 
inserted close together, but broad and expanded distally. Second article equal 
to first save about one-half narrower. Third article about three-fifths as long 
as second. Each article with a few setae mostly concentrated at distal end. 
Apices of segments three to eight of flagellum bearing a club-shaped seta 
(olfactory t) in addition to one or two normal setae. 
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Second pair of antennae about three-fourths as long as body, with delicate, 
multiarticulate flagella. First three articles of flagellum short, second slightly 
longer than first and third, and each broader distally than proximally. 
Fourth article about length of first three, but narrower. Fifth article one- 
fifth longer than fourth, and slightly narrower. Each article of the peduncle 
bears a few setae, longer and more concentrated at apex. Flagellum with 
about forty articles, each with one or two setae. 

Upper lip small, rounded, densely fringed with hairs. 

Mandible (fig. 8) with two sets of teeth at the apex, outer with three, inner 
with four teeth. On margin below inner series of teeth are five plumose setae. 
Molar expansion prominent with fine triturating surface. Palp with three 
articles. 

Lower lip (fig. 10) consisting of two roundly triangular lobes, distal and 
inner margins of which are densely hairy. 

First maxilla (fig. 9) with two terminal laminae, inner shorter and one-half 
narrower than outer and furnished at tip with five plumose setae. Outer 
lamina with about twelve apical spines, innermost half of which are stoutly 
and irregularly pectinate, while the outer become longer and smooth. 

Second maxilla (fig. 11) with two branches, inner lamina much shorter 
than outer which consists of two subequal laminae. Distal margin of inner 
lamina sinuate, receding toward mid-line, and fringed with setae. Distal mar¬ 
gins of the two laminae of outer branch with microscopically pectinate setae, 
varying from long outer to short inner setae. 

Maxilliped (fig. 12) operculate, with large palp of five articles. Apex of 
inner plate, outer and distal margin of epipodite, and margins of last four 
segments of palp heavily setose. Basipodite rounded laterally, nude. No sexual 
dimorphism observed. 

Segments of thorax loosely articulated, with lateral margins parallel but 
not contiguous. Segments vary but slightly in length according to the for¬ 
mula 1> 2=7>3=6>4>5. Epimera visible dorsally, antero-lateral on first 
to fourth segment, becoming posteriorly situated on lateral margin on last 
three. 

Legs slender, uni-unguiculate; first pair (fig. 13) subchelate and shorter 
than the rest. Dactylus curved with two short spines on its concave margin, 
and several setae on its convex margin. Palmar margin of propodus with 
three stout spines and several setae. Carpus and merus small and triangular, 
the latter with two spines on its apex. Ischium with one small spine in middle 
of its inner margin. Of the remaining six pairs of legs in both sexes, the fourth 
pair is shortest, but little longer than first pair. Each of the other pairs are 
successively longer than preceding pair; seventh pair (fig. 14) about one and 
three-fourths longer than first. Apex of merus of each pair of legs is strongly 
produced and armed with two to five long spines. Distal outer margin of pro¬ 
podus of last pairs of legs with a single plumose seta. Females with small 
ovate oostegites at bases of first four legs, those of last two pairs large enough 
to slightly overlap at mid-line. 

Abdomen with first and second segments small but visible dorsally. Pleo- 
telson one-fifth longer than wide, rounded, and slightly truncate posteriorly. 
A transverse line, not extending to lateral margin, near anterior end of pleo- 
telson probably indicates coalesced third segment. 

Uropoda^ slender, one-third longer than abdomen. Peduncle about as long 
as inner ramus, and twice as long as outer ramus. Bami tipped with long 
setae; peduncle and rami spinulose. ^ 

First pleopod of male (fig. 1) consisting of a short, squarish, basal plate, 
and a broad, ovate, terminal ramus. Distal lateral margin of ramus slighUy 
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produced into a rounded lobe. Lateral and distal margins of ramus fringed 
with setae. First pleopod of female (fig. 7) reduced, consisting of a small 
triangular plate. 

Remaining pleopods in both sexes biramous, showing an interesting serial 
modification of parts. Second pleopoda absent in female, while in male they 
are modified into a sexual appendage. Third, fourth, and fifth pairs essen¬ 
tially similar in both sexes, showing a progressive reduction of the exopodite. 

Sympod of second pleopod of male (fig. 2) consisting of a squarish, flat 
plate, about twice as large as that of first pleopod. Exopod and endopod biar- 
ticulate, attached to distal margin of sympod. Basal article of exopod small 
with short spine on its outer distal margin. Distal segment longer and wider 
with five or six setae on its outer margin. Endopod modified into a copulatory 
organ. Basal segment small with a curved process extending toward inner 
margin of sympod. Distal segment bulbous at the base, tapering into a long 
cylindrical process which curves outw'ard over exopod. A fine needle-like 
stylet originates in bulbous part, runs up through a sheath in curved process, 
and protrudes beyond its tip. 

Third pleopod (fig. 3) in both sexes covering fourth and fifth pair ven- 
trally. Sympod short. Exopod large and operculate with two subequal arti¬ 
cles. Distal article obliquely hinged to proximal; distal margin with a few 
setae. Inner margin of both articles straight, outer ovate. Endopod covered 
by exopod. Endopod with a short, basal article, and a long, club-shaped, distal 
article, about two-thirds as long as exopod. 

Fourth pleopod (fig. 4) with a short sympod, and a biarticulate endopod 
and exopod. Basal article of exopod shaped like the head of a hatchet with 
the sharp edge out. Distal article ensiform, articulated as handle of ^^hatchet.” 
Basal article of endopod small, outer club-shaped, slightly longer and w ider 
than that of third pleopod. 

Fifth pleopod (fig. 5) with a small sympod, a greatly reduced ensiform 
exoj)od, and an endopod much the same as in fourth pleopod only slightly 
smaller and wider. 

Ttjpe locality, —Fresh-water w^ell near Kelseyville, Lake County, Cali¬ 
fornia. 

As this goes to press, additional specimens of both sexes and different sizes 
were received from Mr. Tuttle through Mr. Barnard. These present only the 
following noteworthy variations from the type: Largest specimen (male) 11 
mm. long, 2.1 mm. wude. Second antennae as long as the body. Uropods 8 mm. 
in length with peduncle 5,5 mm., endopod 3.5 mm., and exopod 1 mm. in 
length. Smallest specimen (2,5 mm.) with second antennae about one-half 
length of body. Uropods one-fifth length of body, with peduncle and endopod 
subequal, and exopod three-fourths as long as endopod. 

These measurements and other observations indicate that the proportionate 
lengths of the second antennae and uropods are functions of the age of the 
individuals, and that in ontogeny, evidently, parts of the uropods develop 
disproportionately with those parts parallel to the longitudinal axis, the 
peduncle and endopod, undergoing greater elongation than the exopod which 
appears relatively short and almost rudimentary in the larger specimens. The 
significance of the difference in relative growth rate of the uropods, and the 
relation of their ontogeny to phylogeny are problems for future consideration. 
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STATUS OP THE GENUS CAECIDOTEA PACKARD 
Historical Digest 

The validity of Caecidotea Packard has been doubted by various authors. 
It was created in 1871 to receive a blind species, C. stygia, from Mammoth 
Cave, redescribed by Cope (1872) as C. microcephalus. The late Dr. S. A. 
Forbes (1876) redescribed the species as Asellus stygius, uniting the genus 
Caecidotea to Asellus Geoffroy. 

An adequate review of the ensuing controversy was given by Hay (1903) 
with several remarks of his own. He was the first to point out the polyphy- 
letic nature of the group. If Packard’s assertion be true that the two or three 
species (known at that time) have arisen independently—and he considers 
this almost a certainty, then the genus, he reasons, is a '^heterogeneous assem¬ 
blage of species grouped together simply because they happen to resemble 
each other,” which is contrary to the usual conception of a genus as a "nat¬ 
ural aggregation of species.” The resemblance of species he believes to be a 
matter of convergence, since nearly all cave-dwelling animals have been af¬ 
fected in the same general way, namely, loss of color, degeneration or loss of 
eyes with an accompanying hypertrophy of tactile organs, and elongation 
in many groups, especially in the Crustacea. Without knowledge of interme¬ 
diate forms between surface and true subterranean types, and without "posi¬ 
tive knowledge that the genus is not a natural one,” he suspended judgment 
and accepted the genus on the "grounds of convenience.” 

Tattersall (1921), Ueno (1927), and Greaser (1931) question the validity 
of the genus. Racovitza (1925), who has worked intensively on the European 
asellids, remarks, "J’ ai etudie cette espece en vue d’ une monographic des 
Asellides cavernicoles qui doit paraitre prochainement. La conclusion k la- 
quelle je suit arrive est que Caecidothea est un mauvais genre, que les formes 
d6crites sous ce nom se rattachent k diverses lignees du genre Asellus et que 
C. stygia (recte: Asellus sty gins) est un type tres peu specialise ay ant con¬ 
serve nombre de caracteres pal6og6netiques.” 

Comparative Study op Generic Characters 

In his monograph on the cave fauna of North America, Packard (1888) 
gave the following diagnosis of the genus: 

Generic characters .—^Differs from Asellus in the much longer body and absence of eyes^ 
and in the longer and narrower head. The second (larger) antennae are almost as long as 
the body; in Asetlus only one-half or a little more than one-half as lon^las the body; the 
fifth joint nearly twice as long as the fourth; in Asellus it is but slightly longer than the 
fourth. The legs are also slenderer, the terminal joint much narrower, and the claws much 
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smaller. The telson (abdomen) is very long and narrow^ oblong^ two-thirds as broad as 
long; whereas in Asellua it is not so long as broad, and is much rounded. The mouth parts 
also present some differences; the lobes of the maxilla are narrower; the penultimate joint 
of the palpus of the mazillipeds are one-half as thick as in Asellus, while the middle joint 
of the mandibular palpus is not so large and thick, and there are other differences, though 
of less importance. 

A careful survey of these generic characters, at least of the more important, 
is now pertinent. 

Loss of eyes is characteristic of subterranean forms. All the described spe¬ 
cies of Caecidotea are blind except C. kawamurai which has rudimentary eyes 
consisting of a few ocelli. Occasional specimens of 0. siygia have been re¬ 
ported in which a few facets have been found in place of eyes, indicating, as 
Hay (1903) points out, a reversion to a recently lost character. If we turn to 
the genus Asellus, we find among the species and varieties six which are blind 
in correlation with an underground existence, all from Europe or Africa (see 
table 1). Lepri (Dudich 1925) has reported a blind form of A. aquaticus. In 
many of the species of Asellus, the eyes are small or subrudimentary, con¬ 
sisting in some specimens of only three or four ocelli. Thus, the presence or 
absence of eyes alone cannot be used as a generic diagnostic character. 
Whether other characters separate the two genera remains to be seen. 

By dividing the body length by the greatest width, we obtain a ‘‘body in¬ 
dex” (table 1) for use in comparing the species of the two genera. (Measure¬ 
ments for calculation of indices in table 1 were taken from author^s descrip¬ 
tions.) The body indices of the described species of Caecidotea range from 4.0 
to 7.0, exceeding those of the species of Asellus which range from 2.3 to 4.1. 
A closer study, however, reveals that those forms of Asellus which have the 
larger indices, that is, those w’hich are more elongate, are mostly the subter¬ 
ranean forms, all of which have indices of 4.0 at least. This supports the con¬ 
tention of Ilay that elongation is a feature of subterranean existence. Between 
the extreme indices is an intergrading series of forms. 

Using a head index (length over width) we note that the heads of the spe¬ 
cies of Ca^ecidotea are longer in proportion to widtli than those of the species 
of AseUus, but that two of the blind forms, A. gauthieri ihermonyctophilus 
and A, forelii, have elongate heads (see table 1). Here again there is a series 
of intermediate forms between the two extremes. 

Comparing the relative lengths of the second antennae with an antenna 
index (see table 1) derived by dividing the antenna length by the body 
length, we find that the correlation between subterranean habitat and elonga¬ 
tion is not so pronounced as in other characters; for although it is true that 
the described species of Caecidotea have relatively long antennae, several sur¬ 
face species of Aselltts bear long antennae. The statement of Packard that the 
antennae in AseUus are “only one-half or a little more than one-half as long 
as the body” does not hold for ten of the species of Asellus, and possibly others 
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TABLE 1 


Type 

Eyes 

Body 

index 

Head 

index 

Second 

antenna 

index 

Pleoteleon 

index 

Caecidotea atygia 

Absent 

5 0 

1 2 

0 7 

1 5 

Caecidotea nickagackenaxB 

Absent 

7 0 

0 8 

0 7 

1 5 

Caecidotea nchardeonae 

Absent 

4 5 

0 6 

1 0 

1 3 

Caecidotea smithaii 

Absent 


1 1 

1 on 


Caecidotea alabamensis 

Absent 

6 0 

0 7 

0 6 

1 7 

Caecidotea kawamurai 

Present 

6 5 

0 6 

0 5 

1 6 


(reduced) 





Caecidotea tridentata 

Absent 

5 7 

0 7 


1 6 

Caecidotea akiyoshiemis 

Absent 

4 0 

0 6 

0 8 

1 1 

Caecidotea antrvcola 

Absent 

4 4 

0 6 

2 0 

1 3 

Aaellus aqaaticus 

Present 

2 8 

0 6 

0 7 

0 9 

Aeellus aqmticus freibergensis 

Present 

2 7 

0 5 

1 0 

0 7 


(small) 





Asellua aquaticus cavemicolm 

Present 





Aaellus arttiobranchiah^ 

Present 



0 8 

0 9 

Aaellua meridianua 

Present 





Aaellua cavaticua 

Absent 

4 1 

0 4 

0 8 

1 1 

Aaellua forelii 

Absent 

4 0 

1 0 

0 5 


Aaellua coxalia 

Present 

3 5 

0 6 

0 7 

0 8 

Aaellua coxalia peyerimhoffi 

Present 

3 0 




Aaellua coxalia africanus 

Present 





Aaellua coxalia cyanophilua 

Present 





Aaellua banyidenaia 

Present 

4 1 


0 8 


Aaellua banyidenaia wolfi 

Present 




1 0 

Aaellua apelaeua 

Absent 

4 0 

0 5 

0 7 

1 0 

Aaellua apelaeua aquae-calidae 

Absent 





Aaellua hypogaeua 

Absent 

4 0 

0 6 

0 8 

1 0 

Aaellua gauthieri 

Present 

4 0 

0 5 


1 0 

Aaellua gauthieri thermonyctophilua 

Absent 

4 0 

0 8 


] 3 

Aaellua polychaetua 

Present 




1 0 

Aaellua italicua 

Present 




1 0 

Aaellua aquaticua cracovienaxa 

Present 

3 0 




Aaellua angarenaia 

Present 

2 8 

0 5 

0 4 

0 9 

Aaellua baicalenaia 

Present 

2 7 

0 6 

0 6 

1 0 

Aaellua minvtua 




1 0 


Aaellua dybowaki 

Present 


0 5 

3 0 

±l 0 

Aaellua korotnewaki 




1 0 


Aaellua goplanua 





0 9 

Aaellua goplanua awitzeaiana 






Aaellua communia 

Present 

3 5 

0 5 

0 6 

0 9 

Aaellua intermediua 

Present 

3 0 

0 6 

0 7 

1 0 

Aaellua brevicauda 

Present 

3 0 

0 4 

0 6 

0 8 

Aaellua hoppinae 

Present 

2 3 

0 5 

0 9 

0 8 

Aaellua aitenuatua 

Present 

2 7 

0 4 

1 0 

0 9 

Aaellua tomalenala 

Present 

3 3 

0 5 

0 7 

1 0 

Aaellua califomicua 

Absent 

5 2 

0 8 

0«8 

1 2 

Aaellua mpponenaia 

Present 

3 3 

0 7 


1 0 
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for which I have no measurements, which have antennae three-fourths or 
more as long as the body. There is considerable overlapping in this feature of 
the two genera, as a comparison of the indices shows, so that this character 
can hardly be used in diagnosis. One must also remember that antennae length 
varies with age and sex. In computing the antenna index, the longest meas¬ 
urement of the antennae obtainable was used. 

The last important character listed by Packard that we will consider is 
the pleotelson. The same general features noted in the characters already 
discussed are found here also. The pleotelson is proportionately longer in 
the subterranean types of both genera, and here again there is an intergrad¬ 
ing, overlapping series of forms between the extremes (see table 1, pleotelson 
index). 

Thus we see that body proportions as exemplified by proportionate length 
of body, head, antennae, and pleotelson cannot be used as a reliable diagnostic 
character, first, because there are among the known forms of the two genera 
all variations in shape which make a series of connecting forms that inter¬ 
grade, and secondly, because the elongation characteristic of the species of 
Caecidotea is not exclusive, but is found also in the subterranean forms of 
Asellus and in other underground groups. 

Turning now to an examination of certain other structural features, we do 
not find differences which could be considered generic. Bovallius (1886) 
indicates the importance of pleopod structure in this connection when he 
states that ^^Caecidotea seems to be closely connected with Asellus forelii and 
A. cavaticus, but, without any knowledge of the form of its pleopods, it is 
impossible to say whether it ought to be united with Asellus or not.” Another 
character, generally regarded as important by systematists, is the number of 
setae on the inner lamina of the first maxilla. As a matter of fact, the two 
characters just mentioned arc the main ones used by Dudich (1925) in pro¬ 
posing two subgenera for the genus Asellus, 

The presence or absence of an apophysis on the basal article of the endopod 
of the second pleopod of the male is a significant character. Of the European 
species of Asellus, A, aquaticus, A. a, freihergensis, A, a, cavernicolus, and A. 
arthobranchialis, have such a process, while all the others, including the blind 
forms, do not. A, nipponensis (Nicholls, 1928) and Caecidotea kawamurai 
from Japan resemble A, aquaticus (also reported from Japan) in having this 
structure and in the general features of the whole appendage. Unfortunately 
C, akiyoshiensis is known only from female specimens. Of the American 
species of both genera, only our new species bears the structure in question 
so far as we can determine. (We have no knowledge of this pleopod in Asellus 
hoppinae, A. attenuatus, A. tomalensis, Caecidotea richarsonae, and C. 
smithsii,) 
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There is also no generic difference in the number of setae on the inner 
lamina of the first maxilla. Those forms with an apophysis on the second 
pleopod of the male have four setae, except AseUus califomicus and Coed- 
dotea kawamurai, which are like those without in having five setae. 

On the basis of these two characters, as well as many others, we see that 
species of Caeddotea are more closely allied to species of AseUws than to 
species in their own genus. This fact in no way conflicts with, but rather sub¬ 
stantiates, the affinities of certain species of Caeddotea with species of AseUus 
living in the same regions, which many authors have reported. We are anxious 
to get specimens of AseUus tomalensis from California to compare with our 
species on this point. 

In the observations appended to the description of A. calif ornicus, we note 
that the uropods in the larger specimens are almost three-fourths as long as 
the body, a condition which approaches that shown in Greaser’s (1931) 
“orphaned species” from Missouri, Caeddotea antricola, in which the uropods 
are as long as the body. In respect to other more fundamental and less vari¬ 
able characters such as those just discussed, however, our Californian species 
shows more similarity to the Japanese species. This may prove of some sig¬ 
nificance in an understanding of the origin and affinities of the species. 


Conclusion 

Thus the lack of generic structural differences coupled with intergrada¬ 
tions in structural proportions in the two genera forms one basis for declaring 
Caeddotea invalid. 

Again, on theoretical grounds, we must agree with Hay that Caeddotea 
does not conform to the generally accepted idea of a genus as a natural aggre¬ 
gation of species, for it is practically assured that the several species have had 
independent and different origins, and that the resemblances arise from 
similarity of environment, however brought about. 

For the reasons above given, it is no longer feasible to retain Caeddotea, 
and it is time to unite it definitely with AseUus, as Forbes advocated in 1876. 


SUMMARY 

A new blind isopod, AseUus calif ornicus, is described from specimens taken 
from a fresh-water well near Kelseyville, Lake County, California. 

After a comparative study of Caeddotea Packard and AseUus Geoffroy, the 
former grouping of our subterranean AseUid species is found to be invalid, 
and the group of species under the name Caeddotea is transferred to AseUus. 
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EXPLANATION OF FIGUBES 
Asellw oalifomicus 

Figs. 1 and 2. First and second pleopoda of male, x 50. 

Figs. 3,4, and 5. Third, fourth, and fifth pleopoda of female, x 60. 

Fig. 6. Dorsal view of male, x 12.5. Fig. 7. First pleopoda of female, x 50. 

Fig, 8. Mandible, x 50. Fig. 9. First maxilla, x 50. 

Fig. 10. Lower lip. x 50. Fig. 11, Second maxilla, x 50. 

Fig. 12. MaxilUped. x 50. Figs, 13 and 14. First and seventh leg of male, x 37.5, 
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INTRODUCTION 

Termites are often reported as occurring in wood which also shows evi¬ 
dence of the work of fungi. Questions of both economic and biological interest 
center around this association of termites and fungi. Are fungi always 
present in wood which is infested by termites ? Is this association due merely 
to a similarity of habitat, or do termites and fungi benefit each other? Do 
termite.s perhaps aid in the spread of fungi t Does the presence of fungi in the 
wood make it more attractive to the termites? 

With some tropical termites it has been known for some time that a bene¬ 
ficial relationship with fungi does exist, the termites even cultivating certain 
fungi and then utilizing them for food. The association of North American 
termites with fungi, however, has thus far received little attention. 

Banks and Snyder (1920) reported bands of a fungus growing parasitically 
on the abdomen and legs of BeticuUtermes flavipes and R. virginicus. This 
fungus was subsequently described as a new genus and species, Termitaria 
snydeti (Thaxter, 1920). 
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Diekman (1931) obtained abundant growths of cellulose-digesting organ¬ 
isms in media inoculated with the woody material of termite nests and the 
fecal pellets of termites. He observed both molds and bacteria growing on the 
cellulose media, but did not isolate any of them. He obtained no evidence of 
cellulose digestion in media inoculated with the intestinal contents of either 
Betieuliterme$ or Termopsis, although in some cases there was some mold 
growth. 

The present investigation has involved a survey of the kinds and numbers 
of fungi associated with fifteen colonies of Kalotermes minor, twelve colonies 
of Beticiditermes hesperus, and twelve colonies of Zootermopm angusti- 
cottis in their natural habitats. The purposes were: (1) to determine what 
fungi are most commonly associated with each of these three species of ter¬ 
mites ; (2) to learn whether any particular fungus or group of fungi is always 
associated with a given species of termite; (3) to study the distribution of the 
fungi in and on the termites, in the fecal pellets of K. minor and of Z. angusii- 
coUis, in the frass with which B. hesperus stops up abandoned galleries, and 
in the wood enclosing the burrows of all three species; and (4) to seek some 
indication of the role of termites in the spread of fungi. It is hoped that the 
results of this work may offer a basis for further investigation of the signifi¬ 
cance of the association of termites and fungi. 

The investigation was undertaken at the suggestion of Professor Charles 
A. Kofoid. The author expresses her gratitude to Professor S. F. Light and to 
Professor Kofoid for their interest and many stimulating suggestions during 
the course of the work. She deeply appreciates the help of Professor Lee Bonar 
in matters of mycological technique and his careful supervision of the identi¬ 
fication of the fungi. She is also indebted to Professor Emanuel Fritz for the 
identification of the woods in which the termite colonies occurred. 


MATERIALS AND METHODS 

The species of termites chosen for study represent the three important 
habit types: Kalotermes minor Hagen, the dry wood termites; Zootermopsis 
angusticollis Hagen, the damp wood termites; and Beticulitermes hesperus 
Banks, the subterranean termites. 

Tables 1, 2, and 3 give the localities in which the termite colonies were col¬ 
lected, the species of wood in which they occurred, and comments on the state 
of the wood as regards decay or soundness. With the exception of Alhambra, 
which is in sputhem Califomia,'Bll the places mentioned are in the San Fran¬ 
cisco Bay region. A question mark following the species of,]yood indicates 
that the wood was so badly decayed tiiat it could not be identified with 
certainty. 
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Large pieces of wood containing the termite colonies were removed from 
their sites in the field with as little cutting and handling as possible, and 
brought to the laboratory in closed containers or wrapped tightly in paper. 
In cases where a relatively small piece of wood was obtained or where termite 
burrows were greatly exposed the pieces of wood were placed in sterile metal 
containers immediately upon removal from their sites in the field. Usually 
the cultural work was done as soon as the wood containing the termite col¬ 
onies reached the laboratory. In the few cases where delay was unavoidable 
the pieces of wood, still in their containers, were left out of doors in the shade 
until used. 

A modification of Leonian’s agar (Leonian, 1924) was used as a medium 
for the fungous cultures. The formula was as follows: 


Glucose. 6.0 grams 

Malt extract (dessicated “Difeo”). 6.0 grams 

Dihydrogen potassium phosphate. 1.0 gram 

Magnesium sulfate. 0.5 gram 

Distilled water.1000 cubic centimeters 

Agar.-. 20.0 grams 


The agar was dissolved in 500 cc of the water and mixed with a solution of the 
chemicals in the other 500 cc of water. It was then cleared, filtered, and auto¬ 
claved at 10 pounds’ pressure for 15 minutes. About 25 cc of the medium was 
poured into Petri dishes, allowed to harden, and then inverted to prevent the 
accumulation of water of condensation on the surface of the agar. This 
medium was chosen because it is one in which nearly all fungi grow well. 

During the course of the experimental work two hundred fifty-eight cul¬ 
tures were made from the fifteen colonies of Kalotermes minor, one hundred 
twenty from the twelve colonies of Retkulitermes hesperus, and one hundred 
twenty from the twelve colonies of Zootermopsis angusticollis. In speaking of 
making a culture from a termite colony, the term, “colony,” is used to desig¬ 
nate not only the termites, but also the wood of the walls of their burrows, the 
fecal pellets of K, minor and Z. ang^isticollis, and the frass with which B. 
hesperus stops up abandoned burrows. In connection with the description of 
each series of cultures, it will be stated from which of these sources the cul¬ 
tures were taken in the case of each termite colony. 

The pieces of wood containing the termite colonies were carefully cut open 
in the laboratory. All instruments used were sterilized by dipping them in 95 
per cent alcohol and flaming them over a Bunsen burner. Each culture from 
wood, frass, pellets, or termites was made immediately .upon opening the bur¬ 
row containing the source from which that particular culture was to be made. 
In the cases of cultures from wood, frass, or peUets, two inoculations were 
made upon each plate of medium. In the case of cultures from termites, one 
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TABLE 1 


Sources or CIolonies or Kalotermea minor 


CSolony 

nombtf 

Locality 

Speoiaa of wood 

Appmnt itftte 
of wood 

1 

Alhambra 

Port Orford Cedar {Chamaecyparis 
lawsoniana) . 

Sound 

2 

Alhambra 

Western Red Cedar {Thuja plicata) . 

Sound 

3 

Niles Canyon 

Big-leaf Maple (Acer macrophyllum) . 

Medium decay 

4 

Niles Canyon 

Western Sycamore (Platanus racemosa) 

Medium decay 

5 

Niles Canyon 

Western Sycamore. 

Sound 

6 

Niles Canyon 

Western Sycamore. 

Advanced decay 

7 

Niles Canyon 

Western Sycamore. 

Sound 

8 

Niles Canyon 

Western Sycamore. 

Medium decay 

9 

Niles Canyon 

Western Sycamore. 

Sound 

10 

Niles Canyon 

Western Sycamore. 

Stained 

11 

Niles Canyon 

Western Sycamore. 

Sound 

12 

Niles Canyon 

Western Sycamore. 

Sound 

13 

Niles Canyon 

California Buckeye (Aesculus calU 
fomica) . 

Sound 

14 

Niles Canyon 

California Buckeye. 

Stained 

15 

Niles Canyon 

Western Sycamore. 

Medium decay 


TABLE 2 


Sources of Colonies of Reticulitermes Hesperus 


Colony 

numbtf 

Locality 

SpeoiM of wood 

Apparant atato 
of wood 

16 

Niles Canyon 

Coast Live Oak (Quercus agrifolia) . 

Advanced decay 

17 

Niles Canyon 

Western Sycamore (Platanus racemosa) 

Stained 

IS 

Niles Canyon 

Western Sycamore. 

Medium decay 

19 

Berkeley 

Monterey Pine (Pinus radiata) . 

Advanced decay 

20 

Berkeley 

Douglas Fir (Pseudotsuga iaxifolia) . 

Stained 

21 

Berkeley 

Monterey Pine. 

Advanced decay 

22 

Berkeley 

Monterey Pine. 

Advanced decay 

23 

Berkeley 

California Buckeye (Aesculus coli- 
fomica) ... 

Advanced decay 

24 

Brookdale 

Madrofia (?) (Arbutus memiesii) . 

Medium decay 

25 

Ben Lomond 

Coast Live Oak. 

Advanced decay 

26 

Skagg’s Hot 

California Laurel (?) (Umbellularia 



Springs 

califomica) . 

Advanced decay 

27 

Ben Lomond 

California Laurel. 

Medium decay 
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inoculation was made on each plate.' The methods of making cultures from 
the various sources were as follows: 

1. Small pieces of wood from the surface of walls of burrows were cut out 
and transferred to the agar plates. 

2. In making the transplants from wood beneath the surface of walls of 
burrows, the wood was cut open with sterile instruments and care was exer¬ 
cised to prevent contamination from surrounding wood. 

3. Pellets and frass were transferred with sterile forceps from the burrows 
to the plates. 


TABLE 3 


SocRCBS OF Colonies of Zootermopgia angugticoUig 


Colony 

numbv 

Locality 

Specie* of wood 

Apparent state 
of wood 

28 

Niles Canyon 

Western Sycamore (Platanus racemosa) 

Advanced decay 

29 

Niles Canyon 

Big-leaf Maple (Acer macrophyllum).... 

Advanced decay 

80 

Berkeley 

Coast Live Oak (Quercus agrifolia) . 

Stained 

31 

Berkeley 

MadroAa (Arbutus memiesii) . 

Advanced decay 

32 

Brookdale 

Madrofia (?). 

Advanced decay 

33 

Swanton 

Madroria. 

Advanced decay 

34 

Skagg's Hot 
Springs 

MadroAa. 

Medium decay 

35 

Berkeley 

California Laurel (?) (Umbellularia 


36 

Berkeley 

califomica) . 

Monterey Pine (Pinus radiata) . 

Advanced decay 
Advanced decay 

37 

Berkeley 

California Laurel. 

Advanced decay 

38 

Berkeley 

Willow (Salix sp.). 

Advanced decay 

39 

Skagg’s Hot 
Springs 

Douglas Fir (Pseudotsuga taxifolia) . 

Advanced decay 


4. Cultures from the exterior of termites were made in four ways: (o) the 
termite was allowed to walk across the agar plate, (5) the termite was grasped 
with the forceps and its body rubbed over the plate, (c) the termite was 
waslied in sterile water and the washing mixed with the medium before it had 
solidified, (d) the termite was washed in sterile water and the washing 
streaked across the medium with a sterile planting wire. 

5. Before making cultures from the gut, the termites were immersed in 
tincture of iodine (U.S.P.), those from colonies 1 and 2 for 45-60 seconds, and 
those from colony 3 for 2 minutes. They were then rinsed in two changes of 
physiological salt ablution. A termite was placed upon a sterile slide and the 
gut removed by pulling gently upon the posterior end of the abdomen with 
fine forceps. The gut and its contents were then streaked across the medium. 
The fact that the Protozoa in the gut of the termites were still active after the 
termites had been immersed in the iodine for two minutes was taken as an 
indication that the iodine did not penetrate to the got sufficiently to affect 
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the vitality of any fimgous spores which might have been present. Excepting 
the length of time of immersion in iodine, the above method of sterilisation is 
like that of Beckwith and Bose (1929). They immersed the termites in iodine 
for 45 seconds. Dickman (1931) criticizes the method of Beckwith and Bose 
as being inadequate for sterilization. In his experiments Dickman sterilized 
the exterior of termites by immersion in 1-1000 HgClj for 4 minutes. Dick- 
man’s paper came to the notice of the author after the cultures from colonies 
1 and 2 had been made. The efficacy of sterilization of termites which had 
walked across cultures of fungi by treatment with tincture of iodine for 1 
minute was then compared with that by treatment with HgClg for 4 minutes. 
It was found that neither method was absolutely infallible, but that superior 
wetting and therefore a higher degree of sterilization was obtained by the 
use of iodine. The use of iodine was continued in connection with the making 
of cultures from colony 3, the period of treatment with iodine being extended 
to 2 minutes as an added precaution. Since the chief purpose in making the 
cultures in this instance was to learn what fungi were carried by the termites, 
whether on the exterior or in the gut, the results of all cultures made from 
termites will be reported. Any further investigation of the significance of 
the intestinal flora must be preceded by further experimentation with 
methods of sterilization of the exterior of the termites. 

Two precautions were taken to reduce to a minimum the opportunities for 
contamination of the termites, pellets, frass, and wood of the inner surface 
of burrows from the air of the laboratory, (1) the time elapsing between the 
exposing of a termite burrow and the making of an inoculation upon the 
medium was reduced to a matter of a few seconds, and (2) air currents in the 
room were prevented so far as possible. 

To obtain a check upon the possibility of contamination under these condi¬ 
tions the following experiment was performed. One hundred pieces of wood, 
having a surface comparable to that of the pieces of wood which were used in 
making cultures for fungi, were soaked in water and autoclaved at 20 pounds’ 
pressure for 30 minutes. They were then transferred, one at a time, to plates 
of sterile medium, being exposed to the air of the laboratory approximately 
the same length of time as termites, pellets, frass, and fragments of wood 
were exposed in making cultures from them. At the end of two weeks’ incu¬ 
bation at room temperature, one out of the one hundred cultural attempts 
had given rise to a colony of a PenicilUum, The other ninety-nine showed no 
fungous growth. Due to probable fluctuations in the spore content of the air 
of the laboratory, the percentage of contamination might vary somewhat from 
time to time from the 1 per cept indicated by the above experiment. This 
possibility of error was taken into consideration in planning the numbers of 
cultures to be made and in interpreting the results. * 

The plates upon which the cultures from the termite colonies had been 
made were incubated at room temperature. 
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The process of isolating the different fungi was usually begun on the third 
day. The ends of hyphae, which had grown out away from hyphae of other 
fungi, were cut off and transferred to other plates of sterile medium. Several 
transfers were sometimes necessary in order to obtain pure cultures of a 
given fungus. Where one fungus was overgrown by another, the former was 
isolated by streaking a dilute suspension of spores from the mixed culture 
over a plate and selecting from fungous colonies which arose in the streak. 
Isolation from bacteria was accomplished by incubation at low temperatures 
and by the use of media acidified with lactic acid. Under these conditions, 
which prevented or hindered bacterial growth, the fungous hyphae grew out 
beyond the region of bacterial growth and could be cut off and transferred 
to other plates. The original fungous cultures were watched for a period of 
two weeks. At the end of that time the covers were removed from the Petri 
dishes and the cultures examined under low power of the microscope to de¬ 
termine whether any fungi were present which had not thus far been iso¬ 
lated. When pure cultures of the fungi were obtained transfers were made to 
sterile test tube slants of the modified Leoiiian’s medium. 

The fungi which formed reproductive structures on the culture medium 
were identified to the genus. Some of the sterile fungi were identified as to 
class by certain vegetative characters. Others could not be identified at all 
from the vegetative stages which appeared in the cultures. The generic classi¬ 
fication as given by Clements and Shear (1931) was followed. 

For demonstration of the presence of fungous mycelium in wood, free 
hand sections w'ere cut from the wood and stained with aqueous safranin and 
picroaniline blue according to the method of Cartwright (1929). These 
preparations showed fungous mycelium blue and the lignified walls of the 
wood cells red. In the examination of crushed pellets, smears from the gut, and 
parts of the exterior of the termites for fungous mycelium, picroaniline blue 
stain was used without the safranin. 


FUNGI ASSOCIATED WITH THE DIFFERENT SPECIES 
OP TERMITES 

In order to learn what fungi were most frequently associated with Kalo- 
termes minor, Reticulitermes hesperus, and Zootermopsis angusticollis, to 
determine whether any particular fungus or group of fungi tended to be 
associated with a given species of termite, and to compare the numbers of 
fungi and the amounts of fungous growth associated with the three different 
species of termites, ten cultures were made from each of twelve colonies of 
each of the three species of termites. The somroes from which the cultures 
were taken in the various termite colonies are indicated in table 4. 
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All but one of these three hundred sixty cultures were positive for fungous 
growth. Fungi belonging to twenty-nine genera were isolated besides fifteen 
non-sporulating and therefore undetermined fungous cultures. Lists of the 
fungi and the number of times they were isolated from each colony of JT. 
minor, B. hesperus, and Z, angusticollis are given in tables 5, 6, and 7. To 
facilitate comparison^ the totals for each species of termite and for all termites 
are included in each of the three tables. 

Of the twenty-nine genera identified, twelve were isolated from colonies of 
each of the three species of termites which were studied, eleven from colonies 
of two of the three species and six from colonies of only one of the three 
species. Those which were isolated from the colonies of only a single species 
were all of infrequent occurrence with that species. 


TABLE 4 

Sources of Fungous Cultures 


Species of termite 

Colony 

number 

Number of cultures mede for eech 
termite colony from 

Total per 
colony 

Wood 

of surface of 
walls of 
burrows 

Wood 1-2 
mm. below 
surface of 
walls of 
burrows 

Frass 

Fecal 

pellets 

Kalotermes minor . 

4-15 

3 

3 


4 

10 

Reticulitermes hesperus . 

16-27 

3 

3 

4 


10 

Zootermopsis angx^sticollis . 

28-39 

3 

3 


4 

10 


Table 8 shows the genera of fungi which were most frequently isolated 
from the colonies of Kalotermes minor, Reticulitermes hesperus, and Zooier- 
mopsis angusticollis. The fungi included in this list are those which were 
isolated from at least five out of twelve colonies of at least one of the three 
species of termites. No one of these fungi was confined to the colonies of a 
single species of termite. PenicUlium and Trichoderma were most widespread 
in their distribution among the colonies of all three species of termites. They 
were, as a rule, also more abundant than other genera of fungi within indi¬ 
vidual termite colonies. 

The differences in the number of genera of fungi isolated from the colonies 
of the different species of termites were not great. Seventeen genera of fungi 
were isolated from the twelve colonies of Kalotermes minor, twenty-five gen¬ 
era from the twelve colonies of Reticulitermes hesperus, and twenty-two gen¬ 
era from the twelve colonies oLZootermopsis angusticollis. The number of 
genera of fungi isolated from the ten cultures made from each individual 
termite colony ranged from three to eight per colony for K. minor, from four 
to thirteen for R. hesperus, and from two to eleven for Z. angusticollis $ the 
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TABLE 6 

Distribution of Fungi Among Coianies of Kalolermes minor With Totals for the 
Three Sfechss of Termites Studied 



Number of times fungus was isoleted from termite oolomes 

Genua of fungus 

Gilony number 

Total for 


B 

a 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Km 

Rh 

Z a aU 

Phycomycetes 
















Ahstdta 














4 

16 20 

Mucor 



1 




1 


1 




3 

18 

14 35 

Mortierella 














12 

25 37 

Cunninghomella. 
Asoom} cetes 














1 

1 

Sordaria 

Fungi Imperfecti 














10 

3 13 

Odspora 

8 

5 

1 



3 

1 

1 



3 


22 

1 

23 

Manilla 














2 

4 6 

Gliocladiutn 














9 

3 12 

Fenicitlium 

2 

4 

6 

14 

12 

7 

7 

6 

10 

9 

7 

8 

92 

60 

82 234 

Oedocephalum 



1 










1 

6 

16 23 

HyalopUH 









2 




2 

1 

1 4 

Cephalosponum . 














7 

9 16 

Haploirichum 




4 


1 




6 



11 

4 

8 25 

Tnckoderma 


3 

5 

1 

5 

2 

2 

2 

1 

2 

1 


24 

67 

65 156 

Botryosponum 











1 


1 


1 

CylindroccphaLum 

3 












3 

3 

6 12 

Spicana 


1 











1 


1 

Vertinlliopsis 















1 1 

Acrohialagmus 














8 

3 11 

Botrylm 





2 






2 


4 

3 

4 11 

Sporotrichum 


1 








1 



2 


2 

Hormodendrum 


2 











2 

3 

5 

Hormiactella 












1 

1 

17 

1 19 

Catenidana 







2 

2 





4 

11 

17 32 

Leptographtum 














20 

9 29 

Chlortdxum 














4 

5 9 

Altemaria 














5 

5 

Fuaanum 











1 


1 

2 

2 5 

Txlachhiium 


3 



2 

5 


2 

3 


4 

2 

21 

18 

2 41 

Bamdiomycetes 
Other cultures 










2 



2 

4 

1 7 

(non-sporulating) 

6‘ 


3 





2 



1 

4 

16 

11 

4 31 
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TABLE 6 


DisraiBonoN or Funqi Among Cou>nibb or Be(tcu2t(emes hetpenu With Totals n» tbi 
Thrbb Sfdcibb or Tbbhitbb Studied 





Number of times fungus wes isolated from termite colonies 


Genus of fulifUB 





Cobny number 






Totelfor 


1« 

17 

18 

19 

90 

21 

□ 

28 

24 

26 

28 

27 

B 

K.m, Z««. all 

Pbycomycetes 
















Abridia . 


• see 

.... 

1 

..•a 

1 

1 


.... 



1 

4 

.... 

16 20 

Mucor . 

2 

.... 

2 

2 


2 

1 

3 


2 

4 

.... 

18 

3 

14 36 

Martierelld . 


.... 

1 

.... 



3 

1 

1 

6 

.... 


12 

.... 

25 37 

Cunninghamella,.. 

.... 

.... 

.... 


.... 


.... 

.... 

.... 

1 

.... 

.... 

1 

.... 

. 1 

Ascomycetes 
Sardaria . 




2 



8 








3 13 

Fungi Imperfect! 
















Odspora . 

.... 

1 


.... 

.... 


.... 


.... 

.... 

.... 


1 

22 

23 

Manilla . 




1 


.... 

.... 





1 

2 


4 6 

Olwcladium . 


.♦.s 


5 

.... 

3 

.... 


.... 


1 


9 

.... 

3 12 

PenicUlium . 

.... 

7 

5 

6 

1 

9 

5 

5 

2 

11 

6 

3 

60 

92 

82 234 

Oedocephalum, . 


.... 


1 

.... 

1 

1 

3 





6 

1 

16 23 

Hffalopua . 

.... 

1 



.... 




.... 



.... 

1 

2 

1 4 

Cephdosporium.. 






.... 

.... 


3 

2 

.... 

2 

7 

.... 

9 16 

Haploirichum . 


.... 

1 

2 

1 

.... 

.... 

.... 

.... 

2 

.... 

.... 

6 

11 

8 25 

Trichodenna . 

8 

2 


9 

1 

7 

6 

8 

7 

8 

6 

5 

67 

24 

65 156 

Botryoaporium .... 

.... 

.... 


.... 

.... 

.... 

.... 






.... 

1 

.... 1 

Cylindrocephalum 

.... 


.... 



.... 

.... 

.... 

3 


.... 


3 

3 

6 12 

Spkaria . 

.... 




.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

1 

.... 1 

Verticilliopaia . 

.... 


.... 


.... 



.... 




.... 

.... 

.... 

1 1 

Acroatalagmua . 

.... 

1 



.... 


*1 

.... 

.... 

3 

2 

1 

8 

.... 

3 11 

Botrytia . 


2 

.... 



1 

.... 


.... 

.... 

.... 

.... 

3 

4 

4 11 

Sporotrichum . 

.... 

.... 


.... 

.... 

.... 

.... 



.... 


.... 


2 

.... 2 

Hortnodendrum.... 

.... 

1 


2 

.... 

.... 

.... 

.... 

.... 

.... 

.... 


3 

2 

.... 6 

HormiacteUa . 

.... 




.... 

6 

8 

2 


1 



17 

1 

1 19 

Catenvlaria . 


.... 

.... 

1 

.... 

3 

.... 

5 


.... 

2 


11 

4 

17 32 

Leptographium.... 


.... 


2 

.... 

7 

5 

2 

3 

.... 

1 


20 


9 29 

Chtoridium . 

.... 

.... 

f es. 

.... 


.... 



1 

.... 

3 

.... 

4 

.... 

5 9 

Altemaria . 


.... 


.... 

.... 


.... 

1 

2 

.... 

1 

1 

5 

.... 

.... 5 

Fusanum . 

.... 


.... 


2 


.... 



.... 

.... 

.... 

2 

1 

2 6 

TUachlidium . 

.... 

.... 

4 

1 





2 

.... 

6 

5 

18 

21 

2 41 

Basidiomycetes . 

1 

.... 

.... 

t... 



.... 


.... 

.... 

2 

1 

4 

2 

1 7 

Other cultures 
















(BOD>q>orulating) 

2 

.... 

1 

.... 

7 

1 

.... 

.... 

1 

.... 

.... 

.... 

11 

116 

4 81 
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TABLE 7 


DtSTBiBimoN OF Funoi Among Colonies of Zootermopm angmtieoUU With Totals for 
THE Three Species of Termitbs Studded 





Number of timet fungut wtt isolated from termite ooloniee 



Qenua of fungus 





Colony number 






Total for 



28 

29 

m 

31 

32 

33 

34 

35 

36 

37 

38 

39 

m 



Phycomycetes 

















Absidia . 


.... 

.... 

2 

6 

6 

.... 



.... 

.... 


16 


4 

20 

Mucor . 


1 

1 

.... 


- 

3 


1 

5 

3 


14 

3 

18 

35 

Mariierella . 


5 

3 

4 

1 

2 



4 

2 


4 

25 


12 

37 

Cunninghamella .. 





.... 

.... 

.... 

.... 



.... 

.... 

.... 

.... 

1 

1 

Ascomycetes 

















Sordaria . 






.... 

.... 






3 

.... 

10 

13 

Fungi Imperfecti 

















Odspora . 




.... 




.... 

.... 

.... 

.... 

.... 


22 

1 

23 

Manilia . 




.... 

1 

2 


ee.e 

1 

.... 



4 

.... 

2 

6 

Gliocladium . 






«..F 


1 

1 



1 

3 

.... 

12 

12 

Penkilliutn . 

1 

7 

8 

8 

10 

6 

7 

10 


8 

7 

10 

82 

92 

60 234 

Oedocephalum . 

.... 



3 

2 

1 

2 



5 

3 


16 

1 

6 

23 

Hyalopm . 


1 











1 

2 

1 

4 

Cephalosporium .. 










9 



9 


7 

16 

Haplotrickum . 








6 


1 

1 


8 

11 

4 

25 

Tnchoderma . 

10 

3 

3 

8 

1 

3 

6 

8 

7 

8 

7 

1 

65 

24 

67 156 

Botryosporium .... 














1 


1 

Cylindrocephalum 





3 







3 

6 

3 

3 

12 

Spicaria . 














1 

.... 

1 

VerticUliopm . 





1 








1 

.... 

.... 

1 

Acrostalagmua . 




2 







1 


3 

.... 

8 

11 

Botryiis . 


1 

2 


1 








4 

4 

3 

11 

Sporotrickum . 













.... 

2 


2 

Hormodendrum.., 














2 

3 

5 

Hormiaclella . 



1 










1 

1 

17 

19 

Catenularia . 



2 

9 

3 

1 


1 

1 




17 

4 

11 

32 

Leptographium.,., 




7 

...4 


2 






9 


20 

29 

CUoridium . 


1 

.... 

2 






1 


1 

b- 

.... 

4 

9 

Aliemaria . 





.... 








.... 

.... 

5 

5 

Ftmrium . 



2 










2 

1 

2 

5 

TilackHdium . 



1 

ts.i 




1 





2 

21 

18 

41 

Basidiomycetes . 





.... 






1 


1 

2 

4 

7 

Other cultures 

















(oon-sporulatiog) 

1 

.... 

.... 


1 

.... 

2 



.... 

.... 

1 

4 

16 

11 

31 
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average per colony being 5.08 for K. minor, 8.75 for B. Hesperus, and 7.25 for 
Z. angusticoUis. 

The differences in amount of fungous growth noted in the colonies of the 
different species of termites were more distinctive, colonies of Kaiotermes 
minor showing less luxuriant fungous growth than those of Beticulifermes 
Hesperus, or Zooiermopsis angusticoUis. This was indicated (a) by the differ¬ 
ences in the abundance of growth resulting from individual inoculations of 
wood, pellets, or frass onto the nutrient medium; (b) by the differences in 
the total number of isolations from the one hundred twenty cultures made 

TABLE 8 

Funoi Most Fbequentlt Isolated From Termite Colonies 


Number of tormite ooloniee from which fungus wm isolated 


Genus of fungus 

KahUrmea 

minor 

RHieulitermea 

heaparua 

Zootarmopaia 

anguatieoUia 

Total 

Penicillium . 

12 


11 

34 

Trichoderma . 

10 


12 

33 

Mucor . 

3 


6 

17 

Tilachlidium . 

7 


2 

14 

Mortierella . 



8 

13 

Catenvlaria . 

2 


6 

12 

Oedocephalum . 

1 


6 

11 

Leptographium . 


6 

2 

8 

Odspora . 

7 

1 


8 

Acrostalagmus . 


5 

2 

7 


from the twelve colonies of each of the three species of termites, the numbers 
being two hundred thirteen for B. minor, three hundred thirteen for B. Hes¬ 
perus and three hundred one for Z. angusticoUis; and (c) from the macro¬ 
scopic and microscopic examination of the wood enclosing the termite bur¬ 
rows. The wood containing the burrows of K. minor sometimes revealed no 
indication of the fungi upon macroscopic examination. In some cases stains 
or structural defects, probably due to fungous attack, were visible, but in no 
case was there sufficient growth for the fungus itself to be visible to the 
naked eye. It could be revealed only by staining thin sections of wood and 
subjecting them to microscopic examination. In the colonies of B, Hesperus 
and of Z. angusticoUis, on the other hand, there was often a mat-like fungous 
growth at certain places on the walls of burrows or a web-forming growth over 
the fecal pellets or frass. The smaller amount of fungous growth associated 
with K. minor was what would be expected from the relatively greater dry¬ 
ness of the woods containing the colonies of that species as coiqpared to that 
of those containing the colonies of B. Hesperus or of Z. angusticoUis. 
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CLASSIFICATION AND NATURE OP THE FUNGI 

Fungi belonging to the four classes, Phycomycetes, Ascomycetes, Fungi 
Imperfecti and Basidiomycetes were found in association with each of the 
three species of termites (see tables 5, 6, and 7). 

Pour genera of Phycomycetes were represented. Of these, Mucor and 
Mortierella were among the more commonly occuring fungi, as may be seen 
in table 8. The Phycomycetes are lower filamentous fungi and common sapro¬ 
phytic inhabitants of soil and of decayed wood. Although wood-inhabiting, 
they are not typically wood-destroying forms. They follow spaces in the wood 
and seldom, if ever, penetrate lignified walls or materially affect the structural 
character of the wood. McBeth and Scales (1913) and Paine (1927) found 
the species of Phycomycetes which they studied incapable of digesting 
cellulose. 

Only one perfect form of the Ascomycetes was isolated. This was a member 
of the genus Sordaria. It was isolated from a comparatively small number of 
termite colonies. Sordaria is reported as commonly growing on dung. In the 
present case it was isolated from fecal pellets of termites and from wood 
enclosing termite burrows. 

The large majority of the fungi isolated from the termite colonies are 
classed among the Fungi Imperfecti. Twenty-four of the genera listed in 
tables 5, 6, and 7 belong to this class. In addition to these, representatives of 
four other genera of Fungi Imperfecti were isolated later in a more detailed 
study of three colonies of Kalotermes minor (see table 10). These genera 
were Phoma, Aspergillus, Cladobotryum, and Acremonium, The Fungi Im¬ 
perfecti are a group of miscellaneous fungi which reproduce by conidia and 
which in many cases have been shown to be stages in the life histories of 
Ascomycetes. They include many wood-inhabiting forms. Some of them have 
been reported capable of penetrating lignified cell walls (Gerry, 1923), but 
usually they follow natural or artificial spaces in the wood. While they are 
not typically wood-destroying fungi, some of them cause stains in wood. 
Others live in decayed wood as secondary saprophytes. Many of the Fungi 
Imperfecti are active in cellulose destruction (McBeth and Scales, 1913). 
Heukelekian and \^aksman (1925) found that a Penicillium and a Tricho- 
derma which they studied, completely decomposed cellulose and gave CO* and 
fungous mycelium as the only end products. Scales (1915) found twenty-one 
of the twenty-eight species of PeniciUium which he tested to be capable of 
fermenting cellulose. 

A comparatively small number of Basidiomycetes were isolated. They 
seldom produce reproductive structures on artificial media and, therefore, 
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eaonot be easily identified. Six of the non-sporulating fungi isolated were 
recognised as being Basidiomycetes from the clamp-connections which their 
hyphae showed. They were isolated from one of twelve colonies of Kalotermes 
minor, three of twelve colonies of Beticulitermes hesperus, and one of twelve 
colonies of Zootermopsis angusticoUis. It is probable that some of the other 
non-sporulating forms may also have belonged to this class. Among the Basi¬ 
diomycetes are found the true wood-destroying fungi. These fall into two 
groups: those which attack principally the lignin of the cell walls, and those 
which, for the most part, destroy the cellulose. The lignin-dissolving fungi 
usually cause what are known as white rots; the cellulose-dissolving fungi are 
responsible for most of the brovm rots. Still other Basidiomycetes are second¬ 
ary saprophsrtes, developing in wood which is already decayed. The isolation 
of a basidiomycete from a piece of wood does not necessarily mean that the 
wood has undergone any considerable decay. The stages of incipient decay are 
often quite prolonged. Hence, wood which is apparently sound may con¬ 
tain living fimgi which in time will effect visible decay. Furthermore, wood 
which is in late stages of decay may no longer contain the fungi which were 
responsible for the original decay. It is known that often the hyphae of a 
fungus disappear from wood when decay reaches a certain stage. They 
apparently undergo auto-digestion upon exhaustion of their food supply. 
Often, moreover, a basidiomycete isolated from badly decayed wood is not 
the primary wood-destroyer, but a secondary saprophyte. 


STATE OP THE WOOD CONTAINING THE TERMITE COLONIES 

In view of the above facts, it becomes evident that the relation of Basidiomy¬ 
cetes to termites may be somewhat different from that indicated by the results 
of the isolations. It is of interest, therefore, to consider not only the fungous 
flora of the wood at a given time, but also the apparent condition as regards 
soundness or decay. 

Five out of the total of fifteen colonies of Kalotermes minor were in sound, 
dry wood, showing no evidence of decay. No Basidiomycetes were isolated 
from these colonies. Four colonies were located in logs or stumps which were 
decayed on the outside or had decayed regions, but were apparently sound 
in the region of the termite burrows. Basidiomycetes were isolated from the 
wood adjacent to the burrows of two of these colonies. Two colonies were in 
wood which showed stains which may or may not have been caused by fungi. 
No Basidimnycetes were isolated fsom these two colonies. Three colonies were 
in wood showing a moderate amount of decay, but yielding no BMidiomyoetes 
in culture. The wood containing one colony of K. minor was in an advanced 
stage of decay. The termites were found in a large gallery, the walls of which 
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w«re so punky that they could be picked apart with forceps. No Basidiomy- 
cetes were isolated from this colony. 

Two of the colonies of Betieulitermes hesperus were in apparently sound 
but discolored wood, four in somewhat decayed wood, and six in wood which 
was in a late stage of decay. Basidiomycetes were isolated from two of the 
colonies of the last group. 

One colony of Zootermopsis angusticoUis was in sound but somewhat dis¬ 
colored wood, and one in wood in an early stage of decay. Ten were in badly 
decayed wood, and Basidiomycetes were isolated from one of these colonies. 

In brief, all three species of termites were occasionally found associated 
with living Basidiomycetes. Kalotermes minor, however, was ordinarily found 
in wood which had undergone little, if any, structural change from fungous 
attack. Betieulitermes hesperus and Zootermopsis angusticoUis were usually 
in wood which had been greatly harmed by wood-destroying fungi, but 
which, at the time of the termite occupancy, might contain only secondary 
saprophytes. 

RELATION OF THE FUNGI TO SPECIES OF WOOD 

The termite colonies which were studied occurred in at least eleven different 
species of wood. Fungi were always present in the wood adjacent to termite 
burrows. As may be seen from tables 1, 2, and 3, which show the species of 
wood in which the termite colonies occurred, and tables 5, 6, and 7, which 
show the fungi isolated from twelve of these colonies, there was a wide dis¬ 
tribution of the more frequently isolated fungi among the different species of 
wood. Penicilliums, for example, were isolated from all eleven species of 
wood, Trichodermas from ten species, Mucors from nine, and Mortierellas 
from seven species. 

DISTRIBUTION OP FUNGI WITHIN INDIVIDUAL TERMITE 

COLONIES 

The.8eries of cultures made from termite colonies 4-39 yielded data on the 
occurrence of fungi in wood of the surface of walls of burrows and in wood 
at a distance of 1-2 mm. from burrows, in fecal pellets, and in the frass. In 
addition to this, a more detailed study was made of the three colonies of 
Kalotermes minor designated in table 1 as colonies 1, 2, and 3. The results 
of cultures from various sources in these three colonies have been combined 
and are summarized in tables 9 and 10. 

Fungi were isolated from all the sources from which cultures were made, 
namely, the exterior of termites, the gut of termites, their fecal pellets, the 
frass, wood of the surface of walls of burrows, and wood below the surface of 
walls of burrows. 
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TABLE 9 

SOURCBS OF CTTLTtTBBS FbOU TeHUITB CoiONIES, 1, 2, AND 3 
Kalotermea minor 



Exterior of 
termites 

Out of 
termites 

Fecal 

pellets 

Wood of 
surface of walls 
of burrows 

Wood MO 
mm. below sur¬ 
face of walls of 
burrows 

Number of cultures 






made. 

17 

32 

31 

31 

27 

Number of negative 






cultures. 

5 

21 

2 

1 

11 


TABLE 10 

Fungi Isolated From Various Sources in Termite Colonies 1, 2, and 3 

Kalotermea minor 


Number of times fungus was isolated from 


Fungus 

Exterior of 
termites 

Gut of 
termites 

Fecal 

pellets 

Wood of 
surface of walls 
of burrows 

Wood 1-10 
mm. below sur¬ 
face of walls of 
burrowb 

Mucor . 

6 

1 


12 


Sordaria . 



16 

12 

8 

Phoma . 

2 


1 


1 

Odapora . 

1 





Monilia . 

2 





Aapergillua . 


1 




PenicilHum . 

6 

4 

14 

17 

2 

Hyalopua . 





2 

Cephaloaporium . 

1 





Trichoderma . 

1 



1 


Cylindrocephalum . 





2 

Spicaria . 

3 


1 

2 

3 

Cladobrotryum . 




1 


Acroatalagmua . 

' 1 


1 

.... 


Acremonium . 




1 


Hormodendrum . 

4 


1 

1 

5 

Altemaria . 




2 

2 

Fmarium . 

nan* 


1 



TUachlidium . 


1 

.... 

1 


Basidiomycetes . 


1 

.... 


1 
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A comparison of the results of isolations from the one hundred eight cul¬ 
tures made from wood of the surface of walls of burrows with those from the 
one hundred eight cultures made from wood 1-2 mm. below the surface in col¬ 
onies 4-39 is given in table 11. 


TABLE 11 

DiSTRiBimoN or Fcnqi in Wood ENcansiNa Bttbbows or 
TEBitm: Colonies 4-39 


Fungus 

Number of times fungus was isolated 
from 

Wood of 
surface of walls 
of burrows 

Wood 1-2 mm 
below surface of 
walls of burrows 

Absxdia 

8 

1 

Cunninghamello 

1 


Morherella 

15 

8 

Mucor 

10 

3 

Sordarta 

5 

5 

Odspora 

10 

5 

Monilia 

1 

4 

Gliocladium 

3 

3 

Penictlhum 

81 

45 

Oedocephalum 

5 

4 

Cephalosporium 

4 

i 3 

Haplotrichum 

8 

4 

Tnchoderma 

59 

32 

Botr^fosporium 


1 

Cyhndroce phalum 

9 

3 

Spicaria 


1 

Verticilhopsih 

1 


Acrostcdagmus 

5 


Botrytis 

3 


Sporoirichum 


1 

Uormodendrum 

4 


Hormiactella 

5 

3 

Catenularia 

12 

15 

Leptographium 

11 

9 

Chloridium 

2 

4 

,Altemaria 

1 

1 

Fusarium 

3 


Tilachlidium 

10 i 

20 

Basidiomyoetes 

2 

6 

Other cultures (non-sporulating) 

6 

20 

Total number of isolations 

284 

201 


The cultures from the wood of the surface of walls of burrows, in general, 
showed greater amounts of fungous growth and yielded a larger number of 
different fungi than those from wood 1-2 mm. from burrows. Of the fungi 
which were identified to genus eighteen genera were isolated more frequently 
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from the surface of walls of barrows, seven more frequently from the wood 
bdow the surface, and three an equal number of times from each region. 
PoniciUivm and Trichodertna were isolated about twice as frequently from 
the surface as from below the surface. The non-sporulating fungi, including 
the few which were identified as Basidiomycetes, on the other hand, tended to 
appear more frequently in cultures from below the surface than in those from 
the surface. 

The wood which contained termite colonies 4-39, previously considered, 
was usually found to be visibly decayed (see tables 1,2, and 3). It is therefore 
of interest to consider an example in which the wood containing the termite 
colony appeared sound. Such an example is offered by colony 1, which oc¬ 
curred in a Port Orford cedar pole. Wood taken at distances of 1-10 mm. 
from termite burrows in this pole yielded only four positive cultures out of 
fifteen. Of these fifteen, the six taken at distances greater than 2 mm, were 
all negative. The wood of the surface of the walls of the burrows, on the other 
hand, yielded sixteen positive cultures out of seventeen. 

In considering these results, it should be borne in mind that the isolation 
of a particular fungus from a given piece of wood transplanted onto the cul¬ 
ture medium does not necessarily mean that the fungus was actually growing 
in the exact place from which the wood transplant was obtained. It may have 
been present merely in the form of spores. This would be more likely to occur 
within the termite burrows than deep in the wood. Spores from a fungus 
fruiting at a certain place in a termite burrow might easily become scattered 
throughout the burrow either by the termites or by possible jarring of the 
wood during its transport from the field to the laboratory. Hence, the isolation 
of a greater number of fungi from the surface of the walls of burrows than 
from wood below the surface of the walls might indicate either a greater 
mycelial growth on the surface, more abundant fruiting of fungi within the 
space afforded by the burrows, or even the presence of spores introduced 
from the exterior by the termites. From the nature of the Phycomycetes and 
Fungi Imperfecti, which were found in such abundance in the wood lining 
the termite burrows, and which are known to grow more rapidly through 
spaces in the wood and to fruit on surfaces of wood rather than deep in wood, 
it would seem probable that both a greater mycelial growth and more abun¬ 
dant fruiting occurred on the surface of walls of termite burrows than below 
the surface. In many cases, it was possible to demonstrate this by macroscopic 
or miseroscopic examination. Some of the termite colonies were in wood 
which was very damp. The walls of the burrows of these colonies were often 
covered with a growth of fungi Which was easily visible to the naked eye and 
on which reproductive structures could be detected by mean^ of a hand lens. 
In tiie drier wood, especially that in which the colonies of Kaloterme$ minor 
were located, there was usually not enough fungous mycelium to be apparent 
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maerosoopically. Thin sections were therefore cut, stained with safranin and 
picroaniline blue and subjected to microscopic examination. Figure 1 is a 
photomicrograph of a section cut from the rough surface of a termite burrow 
in the pole which contained colony 1. The minute fungous hyphae appear as 



Fig 1 Photomicrograph showing minute fungous h> phae in wood of the wall of a bur¬ 
row of Kdlotermca minor Section from rough surface of burrow located in the appar¬ 
ently sound, dry wood of a Port Orford cedar pole x 360. 


slender dark lines Other sections were cut at right angles to the surface of 
walls of burrows in the same pole. They revealed fungous hyphae following 
the lumina of the cells, although usually not in as great abundance as in sec¬ 
tions parallel to and at the surface of walls of burrows. Sections cut from the 
wood at the ends of burrows in this dry, apparently sound pole, in general, 
showed decidedly less fungous mycelium than the wood at the sides of older 
burrows. Sections cut from wood in several regions at distances greater than 
a centimeter from the termite burrows showed no fungous mycelium. The 
results, then, of the cultural study and of macroscopic and microscopic ex¬ 
amination indicate that fungi are more abundant in wood at the surface of 
the walls of termite burrows than in wood away from burrows. 

About the same dumber of different fungi were isolated from the fecal 
pdlets of KdLoiermes minor and of Zootermopsis angusticoUis as from the 
walls of the burrows. Due to the porous character of th^ pellets, it did not 
seem practicable to try to sterilize the exterior of pellets before culturing 
from them. It is therefore to be expected that spores from fungi growing 
upon the wood enclosing the burrows may have been present on the pellets. 
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Pellets were included, nevertheless, among the sources from which cultures 
were taken, because it was desired to have as nearly as possible a complete 
picture of the fungous flora associated with the termites, and it was thought 
that there might be fungi present in the pellets which were not present in the 
wood. In the burrows of Zootermopsis angusticoUis, which were compara¬ 
tively damp, there was often a visible web-like growth of fungous hyphae over 
the pellets. When pellets of either Z. angusticoUis or K. minor were placed 
upon nutrient agar, hyphae could be observed growing out from the surface 
of the pellets. Their presence within the pellets was also demonstrated by 
crushing the pellets and staining them with picroaniline blue. 

The frass found in the burrows of ReticuUtermes hesperus yielded about 
the same number and kinds of fungi as the wood enclosing the burrows. 

Cultures made from the exterior surfaces of seventeen termites of the 
species Kalotermes minor gave positive results in twelve cases (see tables 9 
and 10). Termites were immersed in picroaniline blue, rinsed in sterile water, 
and their body surfaces and appendages then examined microscopically. 
Fragments of fungous hyphae and conidiophores bearing conidia were 
observed clinging to the spines on the bodies, legs and antennae, and, in the 
case of alates, also to the spines on the wings. These fungi did not appear to be 
growing on the termites, but merely to have become entangled on the spines 
as the termites walked through patches of mycelium. 

Out of thirty-two cultures made from the gut of Kalotermes minor eleven 
positive cultures were obtained (see tables 9 and 10). The fungi isolated from 
the gut were, with one exception, forms which were also isolated from the 
wood enclosing the termite burrows. A few smears made from the wall and 
contents of the gut were examined microscopically, but no fungi were ob¬ 
served in the case of termites taken from their natural habitats. Due to the 
large bulk of the intestinal contents, a few small spores might easily have 
escaped observation. Hyphae or germinating spores, if present in any con¬ 
siderable amount, would have been much more likely to be seen. When termites 
had been fed experimentally upon pure cultures of an Alternaria, a fimgus 
having large, dark spores, it was possible to distinguish many entire spores, 
fragments of spores, and a few fragments of hyphae in the gut. Cultures 
made from the gut of these termites gave abundant growth of the fungi upon 
which the termites had been feeding. 
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ROLE OP TERMITES IN THE SPREADING OP PUNGI 

A comparison was made between the fungous flora of a pole uninfested by 
termites and that of one infested by Kalotermes minor. The poles were both 
of Western Red Cedar 4nd had similar histories of service. Twelve cultures 
made from heartwood of the pole uninfested by termites were all negative for 
fungous growth. Seventeen out of the twenty-seven made from sapwood of the 
same pole were also negative. Prom the ten positive cultures, which came from 
sapwood 1.5~6.0 mm. from the exterior of the pole, or from cracks, two fungi, 
Sordaria sp. and Alternaria sp. were isolated. In the termite-infested pole, 
fourteen cultures taken at intervals throughout the diameter of the pole, 
seven from wood of the surface of walls of termite burrows and seven from 
wood 1~2 mm. below the surface of the walls, were all positive. The same two 
fungi, Sordaria sp., and Alternaria sp., which were found near the exterior 
of the pole uninfested by termites were common in the second pole in both 
sapwood and heartwood adjacent to termite burrows. Nine other genera of 
fungi were also present, of which the most abundant was Penicillium. 

In a previous section we noted that fungi were more abundant within ter¬ 
mite burrows than in wood away from burrows. Attention was also directed 
to the opportunity which the spaces of termite burrows offer for more abun¬ 
dant fruiting of Phycomycetes and Pungi Imperfecti and for growth of the 
mycelia of fungi which do not easily penetrate lignified walls. 

The ability of termites to carry fungi was demonstrated by the isolation of 
fungi from the exterior and from the gut of termites, and by the observation 
of hyphae, conidiophores, and conidia clinging to the bodies and appendages 
of termites. 

It seems evident, then, that termites may introduce fungi which were not 
previously present in the wood which they enter, and that they may aid in 
the spread through the wood of these fungi and of those already present. 

GENERAL OBSERVATIONS 

The. results of this investigation indicate that fungi are associated with 
Kalotermes minor, Reticulitermes hesperus, and Zootermopsis angusticollis. 
They were isolated from every termite colony which was studied. Their pres¬ 
ence on the walls of the burrows and in the fecal pellets of the termites was 
demonstrated. Termites enlarge their burrows; they eat their fecal pellets. 
Pungi would seem, therefore, to be a common element in the diet of termites, 
Purther investigation, however, will be necessary to indicate the significance 
of fungi as food for termites. 

Certain fungi are capable of causing chemical changes in wood. Hence, the 
question whether their presence may render the wood more available or more 
attractive to termites also becomes a problem worthy of study. 
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SUMMABY 

1. Fungi were isolated from each of the fifteen colonies of Kalotermet 
minor, twelve colonies of BeticuUtermes hesperus, and twelve colonies of Zoo~ 
termopsis angusticoUis, which were studied. 

2. Representatives of thirty-three genera of fungi and twenty non-sporulat- 
ing cultures of fungi were isolated from the colonies of the three species of 
termites. 

3. A somewhat smaller number of fungi was associated with Kdlotermes 
minor than with BeticuUtermes hesperus or Zootermopsis angusticoUis, seven¬ 
teen genera of fungi being isolated from twelve colonies of K. minor as com¬ 
pared to twenty-five genera from twelve colonies of B. hesperus, and twenty- 
two genera from twelve colonies of Z. angusticoUis. 

4. The average number of genera of fungi isolated from ten cultures made 
from each of twelve colonies of each of the species of termites was 5.08 for 
Kdlotermes minor, 8.75 for BeticuUtermes hesperus, and 7.25 for Zootermop¬ 
sis angusticoUis. 

5. A smaller amount of fungous growth was noted in the colonies of Kdlo¬ 
termes minor than in those of BeticuUtermes hesperus or Zootermopsis angus¬ 
ticoUis. 

6. There was no evidence of any specific relation between a given species of 
termite and any genus of fungus. 

7. PeniciUium and Trichoderma were the genera of fungi most frequently 
isolated from the colonies of all three species of termites. 

8. The wood containing colonies of Kdlotermes minor usually showed little 
structural injury from fungous attack, while that of BeticuUtermes hesperus 
and of Zootermopsis angusticoUis usually showed decay. 

9. The fungi most commonly associated with the termites showed no appar¬ 
ent correlation with the species of wood in which the termite colonies occurred. 

10. Termites were found to be capable of transporting fungous spores and 
hyphae. 

11. Twelve cultures made from heartwood of a pole uninfested by termites 
were all negative. Seventeen out of twenty-seven made from sapwood of the 
same pole were also negative. In a termite-infested pole fourteen cultures 
taken at intervals throughout the diameter of the pole adjacent to termite 
furrows were all positive for fungous growth. 

12. Fungi were more abundant on the inner surface of termite burrows 
than in the wood away from burrows, only four cultures out of fifteen taken 
from wood 1-10 min. below the surface of burrows of a colony of Kdlotermes 
minor being positive as compared to sixteen positive cultures o\lt of seventeen 
taken from the surface of the walls of burrows. 



Sendee: Aseodation df Termites with Fungi 


133 


ms] 


LITERATURE CITED 


Banks, N., and Snyser, T. E. 

1920. A revision of the Nearctic termites (Banks) with notes on their biology and geo¬ 
graphical distribution (Snyder). U. S. Nat. Mus. Bull., 108; 1-228, pis. 1-35, 70 
figs, in text. 

Beckwith, T. D., and Boss, £. J. 

1929. Cellulose digestion by organisms from the termite gut. Proc. Soc. Exper. Biol, and 
Med., 27;4*-fi. 

Caetweight, K. StG. 

1929. A satisfactory method of staining fungal mycelium in wood sections. Ann. Bot., 
43:412-115. 

Clemekts, F. £., and Sheae, C. L. 

1931. The genera of fungi (New York, The H. W. Wilson Co.), 496 pp., 58 pis. 

Dickman, a. 

1931. Studies on the intestinal flora of termites with reference to their ability to digest 
cellulose. Biol. Bull. 61:85-92. 

Geeey, E. 

1923. Five molds and their penetration into wood. Jour. Agr. Ees., 26:219-229, pis. 1-4. 

Hetjkelekian, B*., and Waksmak, S. A. 

1925. Carbon and nitrogen transformation in the decomposition of cellulose by filamen¬ 
tous fungi. Jour. Biol. Chem., 66:323-324. 

Leonun, L. H. 

1924. A study of factors promoting pycnidium formation in some Sphaeropsidales. Am. 
Jour, Bot., 11:19-50. 

McBeth, I. G., and Scales, F. M. 

1913. The destruction of cellulose by bacteria and filamentous fungi. U. S. Dept. Agr., 
Bur. PI. Ind. Bull., 266:52 pp., 4 pis. 

Paine, F. S. 

1927. Studies of the fungous flora of virgin soils. Mycol., 19:248-267, pis. 24-26. 

Scales, F. M. 

1915. Some filamentous fungi tested for cellulose digesting power. Bot. Gaz., 60:148-153. 
Thaxtsb, B. 

1920. Second note on certain peculiar fungus-parasites of living insects. Bot. Gaz., 69: 
1-27, pis. 1-6. 




STUDIES ON THE STRUCTURE AND LIFE- 
HISTORY OF OSTIOLUM OXYORCHIS 
(INGLES) FROM THE CALIFORNIA RED- 
LEGGED FROG RANA AURORA DRAYTONI 


BY 

LLOYD G. INGLES 



University or California Publications in Zoology 
Volume 39, No. C, pp. 135-162, plates 11 and 12. 1 figure in text 
Issued April 21, 1933 


XTniversity op California Press 
Berkeley, California 


Cambridge University Press 
London, England 

For orders originating in Great Britain only 



CONTENTS 


PAGE 

Introduction.135 

Acknowledgments.136 

Account of Ostiolum oxyorchis (Ingles).137 

Historical.137 

General methods.139 

Life-history stages and experiments.140 

The egg and miracidium.140 

The sporocyst.143 

The cercaria.144 

The metacercaria.145 

Final life-history experiment.151 

Discussion.152 

Summary.155 

Literature cited. 156 


















STUDIES ON THE STRUCTURE AND LIFE-HISTORY 
OFOSTIOLUMOXYORCHIS (INGLES) FROM 
THE CALIFORNIA RED-LEGGED FROG, 
RANA AURORA DRAYTONl 


BY 

LLOYD G. INGLES 


INTRODUCTION 

The importance and significance of life-liistories in the class Trematoda 
can hardly be over-estimated. These parasites infect most of the orders of the 

I 

vertebrates. They also parasitize the gastropods to such an extent that, as 
some investigators suggest, even the evolution and spiraling of the character¬ 
istic ga.stropod shell may be attributed to their pre.sence in the livers of these 
molluscs since the early Cambrian (Sinitsin, 1931). Other groups such as 
arthroi)ods, annelids, and vertebrates serve these parasites for certain of 
their stages. 

Each family or subfamily seems to have its own type of life-history. The 
genera of .some families exhibit much more specificity for their hosts than do 
those of others. This host specificity is assuming greater importance as more 
and more life-histories are investigated. Johnston (1915) has pointed out 
that it might be used in the study of the distribution of the ancestors of the 
present hosts. Unfortunately, the investigation of specificity for the hosts 
calls not only for a proper identification of the hosts involved, but also for an 
accurate knowledge of their genetic relationships, their life-histories, and 
finally their ecology, if the distribution of the parasite is to be considered. All 
these brtwiches of investigation have been neglected on the Pacific Coast in 
respect of the hosts involved in this study, except Rana (see Storer, 1925). 
Other problems of economic and biological interest which might be solved 
by studying life-histories in general and specificity in particular are those 
arising with the introduction of adventitious animal hosts. 

It might be added that California offers excellent opportunity for a study 
of this kind, in that the fresh-water Mollusca are limited to comparatively few 
species and many introduced vertebrate forms have now become established. 
The most promising of these studies would concern the investigation of the 
fiukes of the bullfrog, muskrat, and opossum, which have been introduced here 
from the eastern United States. The evolution of the trematodes, and that of 
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their hosts as well, will become better known as fuller knowledge of their 
specificity is attained. 

The present paper deals with the life-history of Ostiolum oxyorchis (Ingles) 
from the California red-legged frog, Rana aurora draytoni. Although Swam- 
merdamm described a fluke from the lungs of the European frog as early as 
1737, practically nothing was known of its life-history until the past decade. 

Fortunately, the life-histories of two species of frog lung flukes, which 
Travassos and Darriba (1930) believe to represent different genera, have 
already been worked out by Krull (1931) in Michigan. It is interesting to 
compare these life-histories and their larval stages with those of a Californian 
species which must be included in one of these genera. 

Sinitsin (1931) believes the parthenitae are more conservative than are the 
maritae so far as host specificity is concerned. He explains this by a.ssuming 
an earlier beginning of parasitic life for the parthenitae. A test of this assump¬ 
tion would call for a thorough knowledge of the life-histories of many types, 
particularly those closely related forms which are greatly separated in their 
distribution. If there is a general conservative specificity of the parthenitae 
for their hosts, then we would expect to find closely related flukes with 
parthenitae living in closely related molluscs. 
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ACCOUNT OP OSTIOLUM OXYORCHI8 (INGLES) 
Historical 

The first record of a fluke from the frog is the description of a lung fluke 
by Swammerdamm (1752). This parasite, now known as Haplometra cylin- 
dracea (Zeder), is thus one of the oldest known flukes. Looss (1894) was the 
first to give descriptions of these flukes from frogs which were of specific 
value. Looss (1899) gave the name Haematoloechus to the group of flukes 
which parasitize the lungs of anurans. The name Haematoloecha had pre¬ 
viously been given to an hemipteran by Stal and because of the similarity in 
the two names Looss was influenced by Braun to change the name Haema- 
toloechus to Pneumonoeces (Looss, 1902). 

Leidy (1851,1856) gave a few descriptions of flukes from frogs which are 
inadequate for specific determination. Stafford (1902) described five addi¬ 
tional new species of lung flukes from Canadian frogs in the genus Haema- 
ioloechTis, but later (1905) published them under the following names: 
Pneumonoeces longiplexus^ P, hretnplexus, P. varioplextis, P. similiplextis, 
and P. medioplexus. Ward (1917) established the genus Pneumohites which 
included the first two of the above mentioned species. Since Stafford had only 
a few specimens of JET. varioplexus and since it differed only in egg size, which 
is variable, from H. similiplexus, Cort (1915) was inclined to consider H. 
varioplextis as a species inqtiirenda. Stafford (1905) considered Pratt’s 
Ostiolum formosum (1903) to be a synonym of his medioplexus. Seeley 
(1906) described another lung fluke, Ostiolum complextis from Rana pipiens 
of North Carolina. Cort (1915) described another species, 0. coloradensis 
from the same host species from eastern Colorado. Irwin (1929) described H. 
parviplexus from Rana clamitans from Minnesota. The writer (1932) de¬ 
scribed H. tumidus, H. kernensis, 0. oxyorchis, and 0. confusus from the 
California red-legged frog, Rana aurora draytoni. In this paper it will be 
shown that 0. confusus is a synonym of 0. oxyorchis. Other species not found 
in the United States which have been described are; H. variegatus (Rudolphi, 
1819), the type species, H. similis Looss, 1899, and H. asper Looss, 1899, 
from European frogs; H. campyristis (Klein, 1905) from Rana hexadactyla 
of India; H. schulzei (Wundsch, 1911), from European frogs; JT. australis 
(Johnston, 1912) from Hyla aurea and Limnodynastes peroni of Australia; 
H. neivai {Travassos and Artigas, 1927) from Leptodactylus oceUatus of 
Brazil; finally a new species, H. fulleborni, from the lungs of the South 
American toad, Bufo marinus, by Travassos and Darriba (1930). These last 
authors have revised the group and have revived Pratt’s Ostiolum to include 
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those flukes living in the lungs of anurans which have the coils of the uterus 
entirely between the intestinal caeca. They included under the name Pneu- 
monoeces all those frog lung flukes in which the intestinal caeca have folds of 
the uterus lateral to them, thus eliminating Ward’s Pneumohites (1917). 
These workers also revived the species name H. varioplexus and reduced to 
a synonym of that name, H. simUiplexus, because of the priority of the former. 
Recently (1932) the writer directed attention to a breach of the zoological 
rules of nomenclature by Looss (1902) in changing the name Haematoloechus 
to Pneumonoeces, and revived the name Haematoloechus for the name of the 
genus which Travassos and Darriba (1930) defined as Pneumonoeces. Un¬ 
fortunately, the revision of the genus by these last authors did not come to the 
writer’s attention until his paper describing four new species of Haema¬ 
toloechus had gone to press. One of these species belongs to the revived genus 
Ostiolum and will be treated as such in this paper. 

At present thirteen species of Haematoloechus and four species of Ostiolum 
are recognized, as follows: H. variegatus {Rudolphi, 1819) type; H. similis 
Looss, 1899; H. asper Looss, 1899; H. longiplexus Stafford, 1902; H. brevi- 
plexus Stafford, 1902; H. varioplexus Stafford, 1902; H. schulzei (Wundsch, 
1911; H. campyristis (Klein, 1905); H. neivai (Travassos and Artigas, 
1927); H. parviplexus (Irwin, 1929); H, fiilleborni (Travassos and Darriba, 
1930); H. tumidus Ingles, 1932; JET. kernensis Ingles, 1932; Ostiolum medio- 
plexus (Stafford, 1902) type; 0. complexus (Seeley, 1906); 0. coloradensis 
(Cort, 1917); and 0. oxyorchis (Ingles, 1932). 

Von Linstow (1890) described the life history of a genus, Haplometra, 
which is closely related to Ostiolum and Haematoloechus, but his work was 
based on morphological similarities of the stages to the adult. Later (1922) 
Eckstein reported that he had found the metacercaria of H. variegatus. Van 
Thiel (1930) described the development of Agamodistomum anophelis from 
European Anopheles maculipennis from the metacercaria to the adult form, 
H. variegatus (Rud.) in the European frog Rana esculenta. This work in¬ 
volved some experimental feeding and gives an excellent account of the 
development of the parasite from the young forms to the adult. The best and 
most complete account of the life history of the lung flukes is that by Krull 
(1931), who proved experimentally and described all the stages of Ostiolum 
medioplexus and Haematoloechus parviplexus from the frogs of Michigan. 
The present paper gives an account of the life history of Ostiolum oxyorchis 
based on laboratory experiments and observations in the natural environ¬ 
ments of the frog, snail, and insect hosts from California. 
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General Methods 

The general methods employed in determining the life-history of this 
species are discussed in this section, while the more detailed methods are to 
be found in the several parts dealing with the successive stages as considered. 

A general survey was made of the country surrounding Berkeley for sta¬ 
tions where infected frog hosts could be obtained. From these various ponds 
and streams the trematode fauna of many frogs was collected and examined 
with a view to selecting for this study a trematode represented in large 
numbers. The new species were identified and described (Ingles, 1932). The 
literature was studied in order to gain a general idea of the life-histories in 
closely related species, and the start was made by examining a large variety 
of water-dwelling insects for adolescariae. The life-history stages were 
studied in the living dragonflies, some dragonflies were mounted for future 
study, and others were fed to young frogs, the feces of which had been nega¬ 
tive for eggs for a period ranging from thirty to fifty days. When a frog was 
selected for feeding, the adolescariae were dissected out of the insect and 
forced into the esophagus of the frog with a pipette. Such frogs were fed 
varying numbers of these adolescariae every few days and the feces were 
examined microscopically for eggs until they appeared. After eggs appeared 
in the feces the frog was killed and a careful search was made for flukes. They 
were always found only in the lungs in such frogs, and ranged from adults 
down to metacercarial sizes. These flukes were then induced to lay eggs for 
further study by being placed in distilled water. After most of the eggs were 
evacuated the flukes were relaxed in cold water or flattened between two 
slides held apart by coverglasses at the ends and bound by a rubber band. The 
flukes were then fixed by plunging them into hot Bouin’s fluid, where they 
were left for about three hours. They were stained and mounted in various 
ways. The best results in staining were obtained by using alum carmine, alum 
cochineal, and Mayer^s hemalum. 

It was found that the eggs did not hatch in the laboratory even after sev¬ 
eral months, and it was assumed that they must require ingestion by a proper 
parthenita host to effect the hatching. In order to test this hypothesis mollusks 
were intensively collected from a small but permanent pond. Certain dragon¬ 
fly nymphs in this pond harbored the metacercariae of the fluke, as had al¬ 
ready been shown by experiments. It was therefore suspected that some mol- 
lusk in the pond was the parthenita host. Many collecting trips to the pond 
were made, and four species of Mollusca were taken—a small bivalve, Muscu^ 
Hum lenticidum Gould, and three pulmonates, Planorbis (Oyraulus) pawns 
Say, Planorbis {Gyraulus) vermicularis Gould, and Pkysa gyrina Say. These 
were examined through the fall and winter of 1931-1932 without finding any 
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infection until spring, when one was found that later proved to be that of Osti- 
olum oxyorchis. The infection was found only in Planorbis parvus in nature. 
The e^s of the fluke were fed to the three species of pulmonates for varying 
periods of time, and the snails were transferred to a clean dish of pond water 
and watched for the appearance of feces. When the feces appeared they were 
transferred to a slide and gently rolled beneath a coverglass in normal saline 
solution. The miracidia were secured in this manner. All the species of snails 
caused the eggs to open. In order to secure the parthenitae and the cercariae 
nine snail-feeding experiments were started at various times in May. The 
snails were fed great numbers of eggs of 0. oxyorchis, which were placed in a 
small watch glass or sprinkled on their food. Controls were kept on these 
experiments. After the snails had been fed they were placed in a jar contain¬ 
ing clean pond water with some laboratory-raised algae and dead leaves that 
had been soaking in the laboratory for some time. This jar and the controls 
were then covered and placed in about six inches of water in the department’s 
fresh-water pool, so that a more constant temperature was maintained. These 
snails were examined from time to time for infection by crushing them in a 
watch glass and examining the contents under the microscope. In this man¬ 
ner the parthenita hosts were discovered and the sporocysts and cercariae 
were secured earlier than they were found in the naturally infected snails of 
the ponds. 

After all the life-history stages were thus demonstrated the experiment was 
repeated on hosts, all of which had been raised in the laboratory from eggs, 
with exception of the frogs, which had been transformed from young tadpoles. 
Frog tadpoles could not be infected with lung flukes by Krull (1931) nor 
could they be infected with this fluke by me. The dragonfly eggs were secured 
and handled as described by Krull (1929). Snail eggs were obtained from 
sticks and other material in the pond or in the aquaria where the animals were 
kept. 


LIFE-HISTORY STAGES AND EXPERIMENTS 
The Egg and Miracidium 

The eggs of 0. oxyorchis average 27/t in length by 17/* in diameter (pi. 11, 
fig. 5). They are chocolate brown in color and so opaque that the details of 
the miracidia cannot be seen through their thick shells. They did not hatch 
in pond water under laboratory conditions during a period extending from 
July, 1931, to February, 1932. Following this period the miracidia in these 
eggs do not appear to be shrunken or dead, yet it cannot be asserted posi¬ 
tively that they were alive. No movement could be seen in the eggs just after 
they were laid, but the ciliary motion could easily be seen i£ those that had 
passed through the digestive tract of the snails. If the flukes were placed in 
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cold distilled water just after they were taken from the frog, they actually 
poured out eggs. These eggs were transferred to small stender dishes of pond 
water, where they would settle to the bottom and adhere to the glass after a 
few hours. Various artificial methods were tried to induce the eggs to hatch. 
Some eggs were placed in various dilute solutions of HCl, and others were 
placed in the opened digestive tract of various snail hosts, but none of these 
attempts were attended with any success. 

The eggs will hatch when they are eaten by any of the three pulmonates 
which were found in the pond where the infected frogs occurred. The mira- 
cidia were obtained by the method already described. The eggs in all three 
species of snails which opened numbered about 68 per cent of those that were 
eaten. Miracidia were often seen to emerge while the eggs were being watched 
under the microscope. The process required about three and one half minutes 
(pi. 11, fig. 6). 

The living miracidia were very slow and sluggish. As a rule they did not 
swim out of the high power field of the microscope. There were a few, how¬ 
ever, that could make some progress while swimming. They were pear-shaped 
during the i)rocess, with the anterior end drawn out into a distinct nipple. 
The animal spiraled very slowly and was continually extending and contract¬ 
ing. After a few moments the animal would attach itself by the everted nipple¬ 
like gut and continue to contract and extend itself even after the cilia had 
stopped moving. Once when an animal turned end-over-end it was thought 
that cuticle plates could be seen, but the number or even their presence could 
not be observed again. In one specimen a distinct notch a short distance from 
the posterior end indicated the presence of such a plate. The cuticle is 1.1/* 
thick. It was the posterior third of the body that extended and contracted. It 
seems probable that cuticular plates, if present, may in some way effect this 
extension. The miracidia were able to cover some distance by crawling. 

The miracidia were short-lived. Many were timed as they left the egg, and 
the longest time that any lived was sixteen minutes. Just before death a large 
blob of protoplasm appeared at the posterior end. In life the miracidia were 
opaque, and although a thorough search was made for flame cells they were 
never observed. By staining with a number of intra-vital dyes a number of 
features could be observed that could not be seen before. The vital stains 
found to be most satisfactory were both aqueous and alcoholic solutions of 
methylene blue, brilliant cresyl blue, and neutral red. When the miracidia 
W’ere stained intra-vitally there could be seen eight nuclei of varying sizes 
which showed different decrees of aflSnity for the dye. In order to study these 
nuclei more closely, permanent balsam preparations were made of the mira¬ 
cidia by fixing them in Schaudinn’s fluid and staining them in iron haema- 
toxylin. During life, eight miracidia averaged 29/* in length and 15/* in width. 
While swimming, the animals were longer and narrower and one individual 
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in this condition measured 31/u by 12/t. The miracidia shrank considerably 
after fixation in Schaudinn’s fluid. Fifteen animals had an average length of 
22|« and a width of 12/i after this process. After this procedure they also lost 
their typical pear-shaped outline and became egg-shaped (pi. 11, fig. 1). 

Three distinct kinds of nuclei can be distinguished among the eight nuclei 
which appear in all the animals studied. The two that are usually most ante¬ 
rior are round or oval and measure 2.7/^ in diameter in the specimen figured 
(pi. 11, fig. 1). These nuclei stain only fairly heavily and as a rule have only 
very small patches of dispersed chromatin. They also lack the heavy chroma¬ 
tin periphery that is characteristic of those in the posterior part of the animal. 

The second type of nuclei is also represented by a pair, whose members 
usually are not situated in any definite place in the animal. They are more 
often median in position, but occasionally a specimen was found with one of 
the pair anterior to all the other nuclei and sometimes one was posterior to the 
others. They are the smallest of the eight nuclei and measure about 2.3ft in 
the specimen figured. They can easily be distinguished from the rest, even 
with the intra-vitam stains, by the presence of a very large, heavily staining 
karyosome. 

The third type of nuclei is represented by four nuclei, and is characterized 
by a heavy peripheral border and a somewhat irregular, massive karyosome 
In most of these specimens the nuclei are unequal in size, ranging from that of 
the anterior group to a diameter of about 5fi, with the largest one placed pos¬ 
teriorly. In many specimens this large nucleus has a large crescent-shaped 
karyosome, but in others it is of various shapes. Surrounding it is often seen a 
heavier staining material. 

The function of these various nuclei is not known but it is supposed that 
the posterior four are concerned with reproduction while the rest may be asso¬ 
ciated with the gut and excretory system. It is to be noted that the nuclei dif¬ 
fer in number and arrangement from those described by Krull (1931) for the 
miracidia of 0. medwplexus. 

In addition to the nuclei very little can be seen except a few scattered gran¬ 
ules and fibers which radiate back from the anterior end. These fibers give the 
eggs a characteristic appearance while they contain the miracidia. 

The animal is covered with cilia which spiral in a clock-wise direction when 
viewed anteriorly. These cilia begin near the everted part of the gut and are 
here very short. They become progressively longer as they approach the pos¬ 
terior end. About the middle of the body they are about 6-7/* in length. At the 
posterior end no actual cilia can be seen, but little stubs are present which 
may represent them. 

Two methods weire decided upon to determine whether or,^ot the snail’s gut 
is actually penetrated by the miracidium. Since the miracidia are so short¬ 
lived and swim so poorly it hardly seems credible that they could penetrate 
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the snail from the outside. It is of course possible that they could be drawn by 
the snail into its respiratory aperture and penetration effected there. After 
the snails belonging to all three species had been fed on the eggs of 0. oxyor¬ 
chis for several hours they were dissected and the guts placed on a slide under 
a coverslip in normal saline solution. These guts were so transparent that the 
eggs^ and miracidia could be seen through the gut wall. The miracidia were 
seen to attach themselves to the wall but were not active in penetrating it. In 
a small Planorhis parvus one miracidium was seen with its anterior end well 
imbedded in the wall of the gut. It was impossible to see whether the cilia of 
the miracidium were active or not because of the intense ciliary action in the 
intestine. 

The second method was to dissect the guts from the snails and fix, stain, and 
section them serially for examination. Sections were made of the guts of two 
young P. parvus y one of which had been fed the eggs of 0. oxyorchis six hours 
before and the other three da3^s before. These sections were stained with Dela- 
field’s haematoxylin and carefully examined under the oil immersion. In the 
six-hour gut several miracidia could be seen attached to the wall, but no evi¬ 
dence of penetration was found. In the snail that had been fed three days be¬ 
fore there was one unquestioned occurrence of a miracidium completely 
buried in the wall of the gut (pi. 11, fig. 4). The section was cut in such a way 
that all eight nuclei could be distinguished, and even the different types were 
evident. There were a few other instances of penetration in the gut wall, but 
none that could not be questioned. Thus the evidence that has been secured 
indicates tliat the miracidia normally penetrate the wall of the gut perhaps 
by means of some kind of cytolytic secretion. 


The Sporocyst 

From 50 to 60 days after Planorhis parvus and P. vermicularis had been 
fed the eggs of Ostiolum oxyorchis they began to discharge mature cercariae. 
After the snails had passed the fortieth day bodies representing doubtless the 
parthenita generation were discernible in the liver. If the snails are opened on 
about the fiftieth day these sporocj’^sts will be found to be of various sizes and 
to contain cercariae in various degrees of development (pi. 12, figs. 9,15,16). 
The sporocysts are usually oval or egg-shaped and when young may contain 
as many as ten germ balls, each of which is presumably a developing cercaria. 
As they increase in size these immature cercariae decrease in number until 
they become active, when there are usually two, or seldom three, left in the 
sporocyst. Even when the cercariae are mature, the sporocysts are seldom 
more than 0.250 mm. long by 0.125 mm. wide. Their walls are very elastic and 
may be stretched to great lengths by the mature cercariae without breaking. 
They were found only in the digestive gland of P. parvus and P. vermicularis. 
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In the experiments about 65 per cent of all the P. parvus, but less than 5 per 
cent of the P. vermicularis were infected. This difference might be attributed 
entirely to different degrees of specificity, but might also be accounted for if 
snails of different ages were used for each of the species. It was noticed that 
the largest individuals of P. parvus were seldom infected, and since no P. ver¬ 
micularis were raised for the experiment it is possible that the snails of this 
species which were used in the experiments were all older than the P. parvus 
and therefore more difficult to infect. During the spring of 1932 over 400 
Physa gyrina were examined from the ponds about Berkeley and none was 
infected with xiphidiocercariae. None of over 150 P. vermicularis was in¬ 
fected. Only 4 per cent of the P. parvus showed infection when these species 
were collected from ponds between May 3 and July 4. 


The Cercaria 

The cercaria of Ostiolum belongs to the ornate group of xiphidiocercariae 
which was created by Liihe (1909) to include all distome cercariae with a 
stylet and a fin on the tail. They are very small. The average length of the 
body of the living cercaria of 0. oxyorchis is 0.127 mm., with a tail which is an 
additional 0.100 mm. in length. The body may be extended to over 0.300 mm. 
while under the coverglass. The width of the body is about 0.062 mm. The 
stylet is spear-shaped and ranges from 16ft in length in small cercariae se¬ 
cured by crushing the snail, to 22ft in length in cercariae which had emerged 
from the snail and were able to encyst in young nymphs of dragonflies (pi. 12, 
fig. 10). The oral sucker has a diameter of 0.030 mm., that of the acetabulum 
is 0.018 mm. The oral sucker is followed by a short prepharynx which opens 
into a pharynx with a diameter about equal to that of the acetabulum. Neither 
the caeca nor the excretory tubules could be seen in the living specimens be¬ 
cause of the opacity. The excretory bladder and the large crura could be seen 
forming a Y at the posterior end of the body. The bladder would periodically 
empty itself, after which the crura would often remain filled (pi. 12, fig. 10). 
The cuticle is 1.7fi thick, and imbedded in it are exceedingly minute spines, 
which under the oil immersion (x 1700) could be seen barely projecting be¬ 
yond the surface. The tail is provided with a fin which extends dorsally over 
the posterior third and around the end of the animal ventrally to a distance 
equal to approximately half the tail length. 

The cercariae emerge during the afternoon and night, and swim contin¬ 
uously until near death, which occurs after about 24 hours. As a rule they 
were found swimming at all levels in the finger bowls in which the snails were 
kept in the laboratory. 

Six experimentally infected P. parvus were segregated in small stender 
dishes 67 days after they had been fed the eggs of 0. oxyorchis. The number 
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of cercariae discharged by the snails were counted for 3 days. The smallest 
number discharged by a snail during 24 hours was 3; the largest number, 92. 
In 48 hours the most productive snail discharged 180 cercariae, and 10 days 
later during a period of 24 hours it shed 20 cercariae. 

While swimming, the body of the cercaria is greatly contracted and folded 
ventrally, while the tail is greatly extended and lashes vigorously. The ani¬ 
mals can make rapid progress wliile crawling beneath the coverglass. Both 
suckers are used during the process and most of the body’s extension takes 
place between the two suckers. When the body is contracted the tail is greatly 
extended, and when the body is extended the tail is contracted. 

Several laboratory-raised nymphs of dragonflies in their third instar and 
others somewhat older, presumably belonging to the same species, Sympetrum 
illotum, were placed in finger bowls with about 100 cercariae from the in¬ 
fected snails. The cercariae were quite indilferent to the nymphs, but the lat¬ 
ter ate the cercariae when they came within reach. One nymph w^as observed 
to eat nine cercariae, and to chew up two more which were not eaten. If the 
cercariae touched the posterior part of the body of the nymph the anal aper¬ 
ture would close and the respiratory process w^ould stop for a while. None of 
the nymphs in the third instar were observed to draw in cercariae through 
the anal opening, although it w as commonly observed in older nymphs. Many 
of the nymphs of the third instar w^ere infected after a few hours exposure 
to the cercariae. The largest number of cercariae taken from a nymph in the 
third instar was five. Sometimes cercariae that were sw’ept into the anal open¬ 
ing of a nymph by respiratory movements were violently expelled again. It 
appeared that cercariae that approached the anal aperture from the ventral 
side of the nymi)h were most successful in attaining the branchial basket. A 
number of the smaller nymi)hs died after several hours’ exposure to the cer¬ 
cariae, which indicates that they were over-infected. 

About one hundred cercariae w^re drawn into a long pipette with a rubber 
tube over half its length. A light w as directed on the other half as the pipette 
was placed in a horizontal position. This was examined from time to time to 
see if the cercariae were phototropic. So far as could be determined they 
showed no reaction to light or darkness. 


The Metacercaria 

I 

The metacercariae of 0. oxyorchis are found in nature encysted in the 
adults of Sympetrum illotum (Hagen) and in Plathemis lydia (Drury) in 
the vicinity of Oakland and Berkeley, California. The blue dragonfly, Meso- 
themis (Erythemis) simplicicollis (Say), which was very numerous at the 
same ponds, has been repeatedly examined but no infection has ever been 
found in it. 



146 


University of Califomia Puhlicaiions in Zoology [Voi-SO 


Seven nymphs collected at the Lone Tree Pond in Oakland on July 25, 
1931, were infected with from one to eight metacercariae. It is assumed that 
the nymphs were Sympetrum Ulotum since this is the only species whose 
adults have been found infected at this pond, and since, also Plathemis lydia 
has never been observed here although the other species have been abundant. 

On May 26,1932, 26 adult Sympetrum Ulotum were examined and 12 were 
found to be infected with from 1 to 9 metacercariae. This and other data 
available indicate that about 50 per cent of this species is infected at the pond. 
The infection of 0. oxyorchis in these dragonflies is very light compared to 
that of 0. medioplexus, which Krull (1931) found to be about 100 per cent. 

Pour cysts of metacercariae taken from collected nymphs measured 0.185 
mm. in diameter. One taken from a nymph three days after the infection meas¬ 
ured 0.190 mm. The cysts ranged in diameter up to that figured, which was 
0.357 mm. (pi. 12, fig. 11). Two cysts that were taken from adult Sympetrum 
Ulotum measured 0.245 mm. All the above measurements were made without 
the use of coverglasses. These differences in size of the metacercariae undoubt¬ 
edly represent different stages of growth. 

The flukes were usually quiet, while in the cysts, but when disturbed they 
moved about actively and by extending the body changed the shape of the 
cyst, which is normally spherical. The large Y-shaped excretory vesicle is the 
most distinctive feature of the adolescaria while both in and out of the cyst. 
The cysts differ in appearance from that figured by Krull (1931) for 0. me¬ 
dioplexus, They are usually imbedded in the base of the leaf of the gills in 
the nymphs, sometimes rather loosely, so that they become detached while 
the insect is being dissected. In a nymph infected three days before, the flukes 
had formed cysts and the excretory bladder and its crura were just beginning 
to fill up with refractory granules. The stylet was also still intact in all these 
young cysts. 

In the adult dragonflies the cysts are usually located about 1 cm. posterior 
to the Malpighian tubules, and cluster about the region where the respiratory 
organ has undergone atrophy. They are held in place by an elastic membrane, 
which undoubtedly was formerly associated with the branchial basket. Krull 
(1931) found that the cysts opened in less than an hour if placed in artifi¬ 
cial gastric juice. This method was not used in this study, the cysts being 
opened, instead by pressure of a coverglass or with a needle. On being freed 
from the cyst the animal immediately became very active and began crawling 
like a measuring worm across the slide, but made little progress. Such adoles- 
cariae would live for hours in normal saline solution. The cuticle on these 
flukes is heavily, beset with small translucent spines which are very difficult 
to see and usually are not to be seen at all on specimens that have been fixed 
and stained, doubtless because the cuticle had been sloughed oft in this process. 

The most conspicuous thing about the adolescaria after it is removed from 
the cyst is its great activity and the large Y-shaped excretory vesicle with the 
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crura, which then are filled with refractile granules that make the organ 
appear almost black (pi. 12, fig. 11). While the animal was subjected to some 
pressure of the coverglass these refractile granules were ejected from time to 
time from the excretory pore. After fixation in Bonin’s fluid these granules 
disappeared, but the walls of the organ could still be distinguished (pi. 12, 
fig. 14). While the animals were living a number of other features could be 



Fig. A. Diagram showing branching of the excretory 
system of OsUolum oxyorchis (Ingles). 

distinguished, which after fixation and staining could not be seen, e.g., the 
large glands (not shown in the figure) located just anterior to the acetabu¬ 
lum. The nature and distribution of the excretory tubules (fig. A) is also 
obscured in preparations. 

The excretory tubules originate from the sides of the excretory crura and 
run both anteriorly and posteriorly. Each of the four main branches gives off 
three pairs of three i^aller tubules which end blindly in various regions of 
the body (fig. A). Although a search was made for flame cells only one near 
the oral sucker was ever seen, and this in one specimen only. A very short 
prepharynx is clearly observed if the animal is well extended. A flake just 
released from the cyst was 0.685 mm. in length, and when extended, 0.801 mm. 
After contraction it was only 0.400 mm. long. Another fluke which was 0.566 
mm. long when extended measured only 0.340 mm, when contracted. 
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The average length of five adolescariae just after release from the cyst and 
killing by gentle heat was 0.592 mm., with a maximum length of 0.767 mm. 
and a minimum length of 0.399 mm. Since these flukes were all taken from 
the same nymph it is probable that the several sizes represent different ages. 
The average width of these flukes was 0.239 mm. In three individuals the oral 
sucker averaged 0.094 mm., the acetabulum 0.066 mm., and the pharynx 
0.071 mm. in width. In fixed and stained specimens the length was 0.319 mm.; 
the width, 0.094 mm. The oral sucker measured 0.039 mm. and the acetabulum 
0.023 mm. Since these last specimens showed the genitalia clearly and prob¬ 
ably were mature adolescariae, it seems that the fixing and staining caused 
considerable shrinkage. 

The anlagen of the testes and ovarian complex are discernible in all the 
stained animals, although sometimes they are limited in size to a few cells, A 
very short prepharynx, a strong pharynx, and a short esophagus are present. 
The intestinal caeca are quite often of unequal length. 


The Immature and Adult Flukes 

The studies of the parasite in the frog were based on both natural and ex¬ 
perimentally induced infections. The frogs were collected from streams and 
pools near Berkeley and were kept in the laboratory in individual containers 
for a few weeks for fecal examinations. If an animal was found to be infected 
it was usually killed and the flukes mounted for study. If no eggs appeared in 
the feces after 30 to 40 days tlie frogs were transferred to the frog cage in 
the zoology pool. This cage was tightly screened to keep out insects larger than 
a blowfly, and was so built as to give access to water, which entered the box 
through a screen. Fish heads were placed in the box and served to attract 
flies which provided the frogs with an abundance of food. If the negative 
frogs showed no eggs in the feces for 40 days they were used in the feeding 
experiments. The feeding was accomplished by pipetting the metacercariae, 
which had been dissected from the nymphs, into the mouth of the frog. This 
was done regularly in order to secure a graded series of flukes. The feces of 
the frog were carefully examined every few days for eggs of the parasite. 
When eggs appeared in the feces the frog was killed and the flukes were stud¬ 
ied alive for a while and then mounted for more detailed study. 

It was noticed that all the adult frogs from ponds were infected. Those that 
came from the small streams in the deep shady canyons were never infected 
with O. oxyorchis, but the larger ones commonly were found to harbor Hae- 
matoloechus tumidus Ingles. 

Nearly ail young frogs from streams were uninfected and therefore suit¬ 
able for feeding experiments. The fact that the adult frogs 4rom the two dif¬ 
ferent habitats were always infected with different flukes may be explained 
when the distribution of the parthenita-host or adolescaria-host is known. 
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The heaviest infection of 0. oxy orchis recorded was in an adult Rana 
aurora collected from Lone Tree Pond, February 12,1932. In this frog there 
were 54 mature flukes. The weight of these flukes was equal to that of the 
frog’s lungs, it being 9 grams in each case. The heaviest infection secured in 
the laboratory was 34 flukes of varying sizes from maturity to those of meta- 
cercarial dimensions. 

The time required for the flukes to reach maturity varied greatly in the 
different frogs used in the experiments. In one young Rana aurora, fed in 
July, 1931, the time was 58 days; in another, fed in April, 1932, the time was 
only 23 days. In Rana hoylii after 30 days the flukes were not mature, but they 
were able to develop in this species. A Rana pipiens from the East fed meta- 
cercariae on three different occasions contained no flukes of this species when 
killed. Controls were always kept with the frog feeding experiments. 

Only one of the 15 naturally or artificially infected frog used in this study 
was emaciated. This was a young Rana hoylii. The rest were apparently quite 
healthy, even though the lungs were packed with flukes. 

Unsuccessful attempts were made to watch the emergence of the metacer- 
cariae from the cysts placed in tlie opened stomach of a recently killed frog. 
After thirty minutes the flukes did not emerge, and when helped out wuth 
needles they merely wandered about in the open stomach and finally crawled 
into folds and remained there. 

An infected lung of Rana aurora containing five mature flukes was fixed 
and serially sectioned to determine the method and place of feeding used by 
the parasites. None of the flukes was attached by the acetabulum and only 
two were attached by the oral sucker—in both occurrences to the respiratory 
epithelium in the alveoli (pi. 11, fig. 7). It is under this epithelium that the 
blood comes closest to the surface, since there is less connective tissue and 
smooth muscle. Beneath the ciliated patches of epithelium in the lumen of the 
lung there is a considerable mass of smooth muscle and a great deal of con¬ 
nective tissue (Eeker, 1889). Recently van Thiel (1930) found that Haema- 
toloechus variegatus also attaches to the ciliated patches of epithelium. Since 
he found only erythrocytes in the gut of the fluke he supposed that the differ¬ 
ent sizes of flukes of the same age could be accounted for by these differences 
in the place of attachment; that is, the flukes attached to the ciliated patches 
would be smaller because they would get less food than those attached to the 
respiratory epithelium. During this study, however, ciliated cells were re¬ 
peatedly observed swimming about in the caeca of living trematodes. These 
were at first thought to be parasitic ciliates, but when stained they were found 
to be epithelial cells that had become rounded after detachment from the 
frog’s lung. There were many places in the serial sections where the epithe¬ 
lium was destroyed, doubtless the former pasturing places of the flukes. There 
is little doubt that the ciliated epithelium, tesselated respiratory epithelium, 
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connective tisane, blood cells, and perhaps also smooth muscle go to make up 
the solid food diet of 0. oxyorchis. A section of the lung (pi. 11, fig. 7) shows 
the respiratory epithelium destroyed and the blood cells with mucus deep in 
the oral sucker, with connective tissue and muscle cells being sucked in from 
the injured wall of the alveoli. Travassos and Darriba (1930) show a photo¬ 
graph of a section of a lung of Leptodactylus ocellatus in whick H. neivai is 
attached to the respiratory epitheliiun. 

The anlage of the genitalia is discernible even in the mature cercaria, 
where the oblique testes are only a little larger than the surrounding nuclei. 
The female genitalia in the cercaria are merely a mass of cells containing 
large nuclei dorsal and slightly posterior to the acetabulum. In the mature 
cercaria the testes are composed of many cells and the female genitalia assume 
the shape of an inverted Y the base of which now extends somewhat anterior 
to the acetabulum and then is refiezed back toward it (pi. 12, fig. 14). As the 
young fluke grows this portion of the genitalia, which is anterior to the aceta¬ 
bulum, differentiates and becomes the cirrus sac and the metraterm, while the 
part posterior to the acetabulum becomes the ovary and possibly the seminal 
receptacle (pi. 12, fig. 7). As the fluke grows the genitalia anterior to the 
acetabulum are likewise elongated so that the genital opening is always in the 
fork of the intestinal caeca. The uterus first appears when the flukes are 
nearly sexually mature as a more or less coiled tube extending to the posterior 
end and back to the genital pore. Whether it is formed in situ or by growth 
and elongation of the parts of the genitalia that were present in the metacer- 
caria could not be determined from the material. There is a lumen in it when 
it first appears. 

The vitellaria begin to form anteriorly and differentiate posteriorly as the 
animal becomes mature. These glands are the last part of the reproductive 
system to form. The ovary is at first round or oval and later elongates until it 
is about three times as long as wide. 

Another change which is quite pronounced as the fluke grows to maturity 
is the changing position of the acetabulum. In the cercaria, metacercaria, and 
the young fluke it is in the posterior half of the body, but its position grad¬ 
ually approaches the anterior half, as the posterior part of the animal grows 
faster than does the anterior one. When full maturity is reached it lies in the 
first third of the body (pi. 11, fig. 3). 

It was noticed that flukes which had recently reached maturity in the feed¬ 
ing experiments were strikingly different from those that had been in the 
frogs during the hibernation period. These two forms were described as sep¬ 
arate species (Ingles, lfl32) and their identity was not suspected until this 
life-history was followed through. In the recently matured adult fluke the 
structures are those described for 0. confusus (Ingles, 193§), while in the 
older form the structures are those described for 0. oxyorchis (Ingles, 1932). 
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The latter name will be retained because it was first used, and 0. confusus be¬ 
comes a synonym. 

The young adult is covered with small spines and the cuticle bearing them 
is not shed during fixation, while in the old flukes the cuticle is often lacking 
or in patches before fixation. After fixation the cuticle is invariably sloughed 
ofif and never appears in the permanent mounts. The pharynx and the oral 
sucker are much larger in proportion to the body width in the young adult 
than they are in the older fluke. Also, the ovary and testes are often deeply 
incised in the young adults, while in the older form they are oval and smooth, 
and the ovary is elongate. These are a few of the more important changes 
which the flukes undergo even after maturity. A detailed description of the 
adult has been given elsewhere (Ingles, 1932). 


FINAL LIFE-HISTORY EXPERIMENT 

The eggs of 0. oxyorchis, which were laid by a mature fluke removed from 
an adult Bana aurora on May 9, 1932, were sprinkled on laboratory-raised 
algae and soaked willow leaves. The algae and leaves were placed in a gallon 
jar filled with water and in this were placed several young laboratory-raised 
Planorhis parvus on May 16,1932. This jar was covered and placed outside in 
a pool to maintain a constant temperature. Two of the snails were examined 
on July 13 and both were found to contain sporocysts with immature cerca- 
riae. On July 18 another snail was examined and several of the cercariae were 
mature enough to swim. Six out of ten of the segregated snails proved to be 
infected, and cercariae began to emerge on July 19, 1932. One of the snails 
did not shed cercariae until July 23. The control snails showed no infection. 

Ten laboratory-raised nymphs of the species Sympetrum Ulotum which had 
hatched July 21,1932, were ex])osed to the above mentioned cercariae for two 
nights and two days. One nymph was immediately killed and five small meta- 
cercariae were found in cysts with their stylets intact. Only a few grannies in 
the excretory system were visible. Three of the nymphs died after two days. 
They were in the third instar. Some of the metacercariae from the above 
mentioned nymphs were dissected out and fed to two young Bana aurora 
which had only recently metamorphosed. These frogs were not laboratory- 
raised, but had been collected just after they had metamorphosed. They were 
kept under laboratory conditions for over a month. During this time no eggs 
appeared in the feces. One of these frogs was killed 35 days after the first 
feeding. The largest of the flukes in it were not quite mature. Eggs appeared 
in the feces of a similar frog 48 days after the first feeding. This and other 
similar experiments indicate that the frogs reach maturity in a little over 
40 days. 
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DISCUSSION 

In order to appreciate the relationships of the parthenita hosts of those 
frog lung flukes whose life-histories are already known, one must be familiar 
with the opinions of conchologists on the classification of the Planorbidae. 
Walker (1918) considers the genus Planorbis to be composed of six subgenera 
of which Gyraulus is one. Other authorities raise these subgenera to generic 
rank, but in this paper the name Gyraulus is used as a subgenus of Planorbis, 
Krull (1931), in his work on Ostiolum medioplexus and Haemaioloechus par- 
viplexus, treats Gyraulus as a genus. These differences in the use of a generic 
or subgeneric name depend on the investigator who identified the hosts, and 
must be understood in considering the host specificities and host relationships 
in the frog lung flukes. 

Some uncertainty also exists concerning the systematic status of the Cali¬ 
fornia snail identified by Dr. G. D. Hanna for the writer as Planorbis {Gy¬ 
raulus) parvus Say. Dr. Hanna advises the writer that Mr. Prank Baker 
considers the western species to be PJaworfeis {G.) similaris (Baker), but since 
Dr. Hanna was unable to ^‘see the slightest difference’^ between the western 
species and eastern Planorbis parvus, he gave the latter name to the (Califor¬ 
nia snail in his identification of it and this name is used in this paper. 

If, among the frog lung flukes, there is a rigid specificity of each species for 
a definite parthenita host, one would expect to find that closely related flukes 
have closely related snails as parthenita hosts. In the investigations of the 
known life-histories of three North American frog lung flukes this expecta¬ 
tion is not realized. The California species of Ostiolum oxyorchis has as its 
natural host Planorbis parvus, which is the same host, according to some au¬ 
thorities, as that which harbors Haemaioloechus parviplexus in Michigan, 
while the Michigan species, Ostiolum medioplexus, requires for its host a 
species in another genus, Segmentina (Planorbula) armiger. In view of these 
facts one is forced to question either the validity of Ostiolum as a separate 
genus from Haemaioloechus, or the specificity of the frog lung flukes for a 
definite species of snail host, or the classification of the Planorbidae. The data 
are too meager to justify conclusion, but they indicate that the frog lung 
flukes require a species of planorbid snail for their best development, and that 
at least one species, Ostiolum oxyorchis, may also develop in another closely 
related species of snail. 

The degree of specificity for the parthenita host shown by trematodes va¬ 
ries with the group to which the parasite belongs. Sinitsin (1931) found 
* 

seven species of Harmostominae, each of which was rigidly specific for one 

t ^ 

snaU host. These observations were based only on natural infections as they 
occurred in over one thousand snails examined from the vicinity of Washing- 
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ton, D. C. Faust (1929) states that seven species of Melania and possibly also 
the genns Ampullaria may harbor the cercariae and parthenitae of Paragoni- 
mus westermani (Kebert, 1878). Faust and Nishigori (1926) found that two 
species of Monorchotrema have as parthenita hosts two species of Melania. 
Fasciolopsis huski (Lankester) is known to develop in species both of Planor- 
bis and Segmentina (Faust, 1929). This list might be enlarged with exam¬ 
ples from other groups, but enough have been given to show that the specifi¬ 
city of the trematodes for the parthenita hosts varies greatly and that it de¬ 
pends to a great extent on the family or subfamily to which the parasite 
belongs. 

When a comparison is made of the life-histories of Ostiolum oxyorchis and 
0. medioplexus many differences are at once evident in the structure of the 
different stages. Unfortunately, Krull (1931) found the life-histories of 0. 
medioplexus and Haematoloechus parviplexus so similar that he neglected to 
figure all the stages of the latter species, so that a complete comparison of the 
life-history stages can be made only between the Michigan and California 
species of Ostiolum. 

The eggs of Ostiolum oxyorchis probably could not be distinguished from 
those of 0. medioplexus, since the size and shape are nearly the same for both. 

The miracidia seem to differ considerably. They are longer and narrower in 
0. axyorchis than in 0. medioplexus. The epidermal plates are scarcely or 
not at all discernible in the California miracidia, while they appear prom¬ 
inently in the figures of Krull (1931) for the Michigan species. The number 
of nuclei are found to be constant in O. oxyorchis, but variable in 0. medio¬ 
plexus. The flame cells were seen and figured by Krull (1931) for the east¬ 
ern species, but could not be seen in 0. oxyorchis. The asymmetry of the body 
of the miracidium wiiich was characteristic of O. medioplexus was observed 
only once in 0. oxyorchis. The above mentioned features show the miracidia 
of the two species to be quite distinct. The evidence at hand indicates that both 
of the miracidia bore through the intestinal wall of the parthenita host. 

Prom the data secured during this study and also in that of KrulFs (1931), 
it could not be determined whether the miracidia develop directly into sporo- 
cysts, which produce cercariae directly, or whether a second generation of 
sporocysts is developed from the metamorphosed miracidia. Sinitsin (1931) 
is inclined to believe that those flukes whose eggs must be ingested by the snail 
in order to liberate the miracidia do not produce a daughter generation of 
sporocysts and that the cercariae develop in the “founder’' or “tnother” 
sporocysts. He believes tliat the miracidia, which emerge from the eggs in¬ 
gested by the snail, bore directly through the snail’s gut into the liver, while 
those miracidia that have a free-swimming life enter other tissues less nutri¬ 
tious and produce an erratic generation of parthenitae which migrate to other 
tissues. A few of these latter sporocysts finally reach the liver of the snail and 
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continue to develop and produce cercariae. It is suggested that Ostiolum 
oxyorchis would lend itself favorably as material for a study of the sporo- 
cysts and their generations since the nuclei in the miracidia are definite in 
number and kind. These nuclei could be easily differentiated in the tissues of 
the snail if the proper cytological procedure were followed. The shape of the 
sporocyst of 0. oxyorchis does not seem to differ materially from that de¬ 
scribed by Krull (1931). Sporocysts are found to contain cercariae in nearly 
all stages of development in a snail that has just started shedding cercariae. 

The cercariae of Ostiolum oxyorchis are very similar in size and structure 
to those described by Krull (1931). The anlagen of the reproductive system 
and the intestinal caeca could be distinguished only in the stained specimens 
and are therefore not shown in the figured specimen, since it was drawn from 
an unmounted cercaria (pi. 12, fig. 10). The time required for the partheni- 
tae to produce cercariae is the same in Ostiolum oxyorchis and 0. medio- 
plexus. The cercariae of 0. medioplexus emerge at night while those of Hae- 
matoloechus parviplexus emerge during the afternoon. The cercariae of 0. 
oxyorchis emerge during both afternoon and night. The method of entering 
the dragonfly host seems to be the same for the cercariae of all three above 
mentioned species. 

A considerable degree of specificity is manifested for the adolescaria host 
by the frog lung flukes. In all the species known this host is an insect. Haema- 
toloechus variegatus (Rudolphi) in Europe has recently been shown to use 
the larvae of Anopheles maculipennis for this host (van Thiel, 1930). In the 
United States Krull (1931) found that two species of Sympetrum were used 
by 0. medioplexus and Haematolocchus parviplexus and that other closely 
related dragonflies could not be infected. In 0. oxyorchis most of the natural 
infections occurred in a pond-inhabiting dragonfly, Sympetrum illotum (Ha¬ 
gen). The infection, however, was found twice in a closely related genus, 
Plathemis lydia (Drury). It was not found in another genus, Mesothemis 
simplicicollis, which belongs in the same subfamily as do the infected species. 
Only the nymphs of Sympetrum illotum were infected experimentally. Ex¬ 
perimental feeding with other species was not attempted. Since the unin¬ 
fected green-eyed nymphs of Mesothemis simplicicollis were often taken in 
the same sweep of the net with infected nymphs, which were presumably 
those of Sympetrum illotum, it seems that differences in habitat must be ex¬ 
cluded as an explanation of the lack of infection in Mesothemis simplicicollis. 
Mechanical factors, possibly, such as inhibiting structures of the anal aper¬ 
ture or branchial basket, may account for the lack of infection in Mesothemis 
simplicicMis, but the biochemical complex of the nymph is perhaps a better 
explanation. ^ 

The presence of the infection by Ostiolum oxyorchis in frogs collected 
from ponds, and its absence in frogs of the same species collected from small 
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streams, is significant. Haematoloechus tnmidus was often found in the 
stream-inhabiting frogs, but never in frogs collected from ponds. The life- 
cycle of H. tumidus is not known, but its presence in Rana aurora which in¬ 
habit streams both near Berkeley and near Bakersfield, California, suggests 
that its adolescaria host will be found to be a stream-inhabiting dragonfly or 
other insect. This supposition is strengthened by the fact that the Bakers¬ 
field stream containing the infected frogs was rich in pulmonates, especially 
planorbids. Needham and Ileywood (1929) report a species of dragonfly be¬ 
longing to the genus Lihellula, which in the eastern United States is found 
only about small streams and rarely about ponds. It is quite possible that such 
a dragonfly is present on the west coast and therefore may be the adolescaria 
host of n, tumidus. This would exidain the fact that Rana aurora in streams 
harbored only H. tumidus^ while the same species of frog from ponds was 
found to be infected only with Ostiolum oxyorchis. 


SUMMARY 

The eastern frog, Rana pipiensy could not be infected with Ostiolum oxyor- 
chis. R. boylii could be infected experimentally, but was not found harboring 
the flukes in nature. R. aurora, wdiich inhabits ponds but not streams was 
found infected in nature. 

The adolescaria hosts for 0, oxxjorchis are the dragonflies, Sympetrum illo- 
turn (Hagen) and Plathemxs lydia (Drury). The nymphs of Mesothemis sim- 
plicicollis Say w^ere not infected in the pond where 50 per cent of the S, illo- 
tum harbored metacercariae 

Planorbis (Gyraulus) parvus Say and P. ((?.) vermicularis Gould were 
experimentally infected by feeding them with eggs of the fluke. The infection 
was found only in the former species in nature. The parasite feeds on nearly 
all the tissues in the lung of the frog. 

The average time required for the development of the parasite in the par- 
thenita host is between 60 and 70 days. 

The time required for development in the frog varies, but most of the ex¬ 
periments indicate it to be about 40 days. 

0. oxyorchis shows considerable specificity for its hosts. Ostiolum confusus 
(Ingles) is found to be a synonym of 0. oxyorchis. Profound changes in the 
structure of the adulte, which vary with successive seasonal growth, account 
for the previous separation of these forms as different species. The study of 
the life-history shows them to be the same species. 

The parthenita liosts of 0. oxyorchis are more closely related to those of 
Haematoloechus parviplexus (Irwin) than they are to those of 0. medio- 
plexus (Stafford), which indicates that the genus Ostiolum may not be a 
natural one. Other factors, however, such as an unnatural classification of the 
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Planorbidae, might account for the difference in the relationship of their 
hosts. 

The study of life-histories with reference to host specificities is a valuable 
aid in problems concerning the evolution of both the parasite and its hosts. 
The investigator of the present and former distribution of the hosts and para¬ 
sites, and of the adaptations of adventitious animals, might likewise find 
this method of study valuable. 

LITERATURE CITED 

COET, W. W. 

1915. North American frog lung flukes. Trans. Am. Micr. Soc., 34:203-240, pis. 7-9. 
Ecker, Alexander 

1889. The anatomy of the frog. Translated by Geo. Haslam (Clarendon press, Oxford), 
xvi -f 449 pp., 2 pis., 261 figs. 

Eckstein, Fritz 

1922. Beitriige zur Kenntnis der Stechmuekenparasiten. Ccntralbl. f. Bakt., Abt. 1, 
Orig., 88:128-135, 1 pi., 4 figs, in text. 

Faust, E. C., and Nishioori, M. 

1926. The life cycle of two now species of Heterophyidae, parasitic in mammals and 
birds. Jour. Parasit., 13:91-128. 

Faust, E. C. 

1929. Human helminthology (Philadelphia, Lea and Febiger), xxii + 616 pp., 297 figs, in 
text. 

Ingles, Lloyd G. 

1932. Four new species of Haematoloechus (Trematoda) from Bana aurora draytoni 
from California. Univ. Calif. Publ. Zool., 37:189-201, 9 figs, in text. 

Irwin, M. S. 

1929. A new lung fluke from Bana clamitans Latreille. Trans. Am. Micr. Soc., 48:74-79, 
pi. 13. 

Johnston, S. J. 

1915. Trematode parasites and the relationships and distribution of their hosts. Austr. 
Assoc. Adv. Sci. Melbourne, 14:272-278. 

Krull, W. H. 

1929. The rearing of dragonflies from eggs. Ann. Ent. Soc. Am., 22:651-658. 

1930. The life history of two North American frog lung flukes. Jour. Parasit., 16:207- 
212, 1 fig. in text. 

1931. Life history studies on two frog lung flukes, Pneumonoeces medioplexus and Pneu- 
mohites parviplexus. Trans. Am. Micr. Soc., 60:215-277, pis. 23-24, 4 tables. 

Leidy, J. 

1851. Contributions to helminthology. Proc. Acad. Nat. Sci. Philadelphia, 6:206-209. 

1856. A synopsis of entozoa and some of their ectocongeners observed by the author. 
J&id., 8:42-^58. 

Loose, A. 

1894. Lie Distomen unserer Fische und Frosche. Bibliotheca Zool., 6:1-296, pis. 1-9. 

1899. Weitere Beitrage mr Ko^ntnis der Trematoden-Fauna Aegyptens, zugleich Ver- 
such einer natuHiehen Gliederung des Genus Bistomum Ketzius. Zool. Jahrb., 
Syst., 12:521-784, pis, 24-32, 2 figs, in text. 

1902. Ueber neue und bekannte Trematoden aus Seeschildkroten. Ihid., 16:411-894, 
pis. 31-32, 2 figs, in text. 



1933 ] 


Ingles: Life-History of Ostiolum oxyorchis 


157 


Mhe, M. 

1909. Parasitiche Plattwiirmer. I. Trematodcs, Sugswasserfauna Deutschlands, 17:1-217, 
188 figs. 

Seeley, L. B. 

1906. Two distomes. Biol. Bull., 10:249-254, 3 figs, in text. 

Sinitsin, D. 

1931. Studien fiber die Phylogenie der Trematoden. V. Revision of Harmostominae in the 
light of new facts from their morphology and life history. Zeitschr. ♦wiss. Biol., 
Abt. F. Zeitschr. ffir Parasitenk., 3:786-835, 6 pis., 5 figs, in text. 

Stafford, J. 

1902. On American representatives of Distomum varicgatvm. Zool. Jahr., Syst., 16:895- 
912, pi. 33. 

Storer, Tracy I. 

1925. A synopsis of the Amphibia of California. Univ. Calif. Publ. Zool. 27:1-342, pi. 
1-18, 42 figs, in text. 

SWAMMERDAMM, JOHANN 

1752. Bibel der Natur, etc. (Leipzig, J. F. Gleditschens). 

Travabsos, L., and Artigas, P. 

1927. Pneumonoeces neivat n. sp. trematodeo do pumao de ra. Bol. Biol., 10:212:213, 1 
fig. in text. 

Travassos, L., and Darriba, A. R. 

1930. Pesquizas helminthologicas realisadas em Hamburgo. III. Trematodeos dos genc- 
ros Pnexmonocces e Ostxolum. Mem. do Inst. Oswaldo Cruz, 23:237-253, pis. 66-71. 

VAN Thiel, P. H, 

1930, Die Entwicklung von Agamodustomum arxophelis zum Pneumonoeces vartegaius Rud. 
Centralbl. f. Bakt. Abt. 1, Orig., 117:103-112, 3 figs, in text. 

VON Linstow, 0. 

1890. Ueber den Bau und die Fntwicklung des Distomum cyUndraceum Zed. Archiv. f. 
mikr. Anat., 36:174-191, mit Tafel vii und viii. 

Walker, Bryant 

1918. A synopsis of the classification of the fresh-water Mollusca of North America, 
north of Mexico, and a catalogue of the more recently described species, with 
notes. Univ. of Mich. Misc. Publ. No. 6, 213 pp. 

Ward, H. B. 

1917. On the structure and classification of North American parasitic w’orms. Jour. 
Parasit., 4:1-11, 1 pi. 

Ward, H. B., and Whipple, 0. C. 

1918. Fresh water biology (New York, John Wiley and Sons), viii +1111 pp., 1547 figs, 
in text. 



EXPLANATION OP PLATES 

All drawings were made with the aid of a camera lucida. 


PLATE 11 
Ostiolum ostyorchis 

Fig. 1. Miracidium, fixed in Schandinn^s fluid, stained with Heidenhain’s haomatoxylin. 
X1650. 

Fig. 2. Young fluke just before maturity, ventral view, x 53. 

Fig. 3. Mature fluke, ventral view, x 29. 

Fig. 4. Miracidium in the wall of the gut of Planorhts parvus, x 850. 

Fig. 5. Egg. X 850. 

Fig. 6. Miracidium emerging from the egg. x 850. 

Fig. 7. Section of a portion of a frog’s lung showing parasite attached, x 53. 

Fig. 8. Living miracidium. x 850. 
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PLATE 12 


Oafiolum oxiforchis 

Fift. 9. Sporofvst. x 285. 

Fig. 10. (Vrcaria, drawn from life, x 285. 

Fig. 11. Metac*(*rearia, dissected from a iiyiiij)h. x 225. 

Figs. 12 and 12. Stylets (►f eercariae. x 285. 

Fig. 14. Metacercaria removed from cyst, stained, ventral view. > 225. 
Figs. 15 and IG. Young Hporoc\sts with germ halls. 285. 

Fig. 17. Young fluke, x 225. 
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STUDIES ON THE STRUCTURE AND LIFE-HISTORY 
OF ZEUOORCHIS SYNTOMENTERA SUMWALT, 
ATREMATODE FROM THE SNAKE 
THAMNOPHIS ORDINOIDES 
FROM CALIFORNIA 

BY 

LLOYD G. INGLES 


INTEODUCTION 

The present paper deals with the structure and life-history of Zeugorchis 
syntomentera Sumwalt from the western garter snake, Thamnophis ordi- 
noides. It appears to be the first work on the life-history of either of the spe¬ 
cies of Zeugorchis, although McCoy (1928) gives notes on the larval forms of 
three genera belonging to the same subfamily. The life-history of this species 
has not been demonstrated with laboratory-raised material, but the stages 
and hosts involved in the cycle are known. 

The snakes were identified by Dr. Jean M. Linsdale, and Dr. G. D. Hanna 
identified the snail host. 


ACCOUNT OF ZEUGORCHIS SYNTOMENTERA SUMWALT 
Historical Account 

Stafford (1905) described a fluke from the esophagus of the eastern Cana¬ 
dian garter snake Thamnophis sirtalis (L.), which he called Zeugorchis 
aequatus because of the symmetrically paired testes. This was the first use of 
the name Zeugorchis for a genus of animals; consequently Z. aequatus is the 
type species of the genus. Unfortunately, Stafford did not publish a figure 
and his description is very brief. 

Later, Nicoll (19,06) used the same generic name for a fluke which he found 
in the bursa fdbricii and cloaca of the herring gull Larus argentatus. This 
fluke, Zeugorchis acanthus, is so different from the one described by Stafford 
(1905) that it certainly cannot remain in the same genus. It differs from Z. 
aequatus in almost every important feature and apparently belongs to the 
Echinostomidae, and not, as does Stafford’s Z. aequatus, to the Plagiorchiidae. 
Because of priority, it is evident that Zeugorchis must be retained for Staf- 
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ford’s fluke from the garter snake and rejected for the fluke described by 
Nicoll (1906) from the herring gull. 

Stafford (1905) expressed the opinion that Distomum boscii Cobbold and 
Zeugorchis aequatus belong to the same genus. Cobbold’s description (1859) 
is very brief and inadequate, and his figure does not indicate much similarity 
to Zeugorchis aequatus. Most of the structural peculiarities of Stafford’s spe¬ 
cies of Zeugorchis are not found in D. boscii^ and this latter species therefore 
cannot be included in the genus Zeugorchis. 

Sumwalt (1926) described a fluke which, though it differs slightly from 
Stafford’s species, Zeugorchis aequatus, undoubtedly belongs to the same 
genus. This fluke, which she named Zeugorchis syntomentera, she found in 
great numbers in the mouth and esophagus of Thamnophis sirtalis and T. or- 
dinoides from the state of Washington. 

The flukes which the writer found in the alimentary tracts of Thamnophis 
ordinoides from California are indistinguishable from Zeugorchis syntomen¬ 
tera and will therefore be considered as belonging to that species. 

Sumwalt (1926) believes that Mediorima propria Nicoll (1914) also be¬ 
longs to the genus Zeugorchis, but there are many differences which exclude 
it from this genus as defined by Stafford (1905). Mediorima propria Nicoll 
was, however, found in an American snake belonging to the genus Natrix. 
The generic and specific characters of the fluke were defined on one specimen. 
Thus the material as well as the description are inadequate to determine 
whether or not Mediorima propria should be placed in the genus Zeugorchis. 
Because of the many fundamental points of difference between Mediorima 
propria and Zeugorchis aequatus the writer believes that Mediorima should 
be retained for Nicoll’s fluke. 

In this paper Zeugorchis will be considered as belonging to the Plagiorchii- 
dae and the subfamily Reniferinae as defined by Pratt (1903). At present 
there are but two described species in the genus, both of which occur in the 
alimentary tracts of garter snakes in North America, namely, Zeugorchis 
aequatus from Thamnophis sirtalis of eastern Canada, and Z. syntomentera 
from T. sirtalis and T. ordinoides from the western United States. 

Until the present work was done, nothing was known concerning the life- 
histories of either species of this genus. Although the life-history has not been 
entirely established by the experimental feeding of laboratory-raised animals, 
all the stages of the life history are known. Over fifty specimens of Thamno¬ 
phis ordinoides from northern and central California were collected and ex¬ 
amined during this investigation, which extended over a period of three years. 
The numbei: of infections of Z.^ syntomentera are rare compared to the num¬ 
ber reported by Sumwalt for the same species of snake iffpn the state of 
Washington. No other species of snake fluke was found in the California 
Thamnophis ordinoides. 
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General Methods 

The study of the life-history of Zeugorchis syntomentera was begun when 
it was discovered that certain xiphidiocercariae from Physa gyrina pene¬ 
trated and formed cysts in the tail and body of the tadpoles of Hyla regilla. 
These encysted adolescariae were dissected out and fed to young chickens, 
mice, and several vertebrates, but they failed to develop in them. They were 
also fed, however, to young garter snakes, Thamnophis ordinoides, which were 
afterward killed at various times, and it was observed that the adolescariae 
had continued to develop in the alimentary tract. The young snakes that were 
used in the experiments were collected in the vicinity of Berkeley, Califor¬ 
nia, during June and July, 1929, and had apparently not yet acquired the 
infection since it was never found in the control snakes but was always pres¬ 
ent in those which had been fed the infected tadpoles. 

Although the writer has examined fresh-water molluscs from various parts 
of California for larval trematodes, he found the cercariae concerned with 
this infection only in one place, and there only during the summer of 1929. 
They were found in Physa gyrina from an artificial reservoir in Oakland, 
California. 

The infected snails which were collected from this reservoir during the 
first part of July slied cercariae when placed in a small watch glass in the lab¬ 
oratory. The cercariae w’ere studied alive under a coverglass. To prevent 
curling they w^re held in an extended position by placing a rubber band 
about both the slide and coverglass and plunging them into hot Bouin’s fluid. 
The cercariae were later removed from the slide with a small camel’s hair 
brush and placed in small stender dishes for staining. 

The adolescariae w’ere dissected out of the cyst and treated in much the 
same way as w^ere the cercariae. The young flukes w^ere secured by feeding 
the infected tadpoles to the marita hosts and killing these at various times 
after the infective meal. Like the cercariae and the metacercariae, these young 
flukes were studied alive and then fixed and stained for permanent mounts. 

An attempt was made to secure adult flukes by feeding two young garter 
snakes on infected tadpoles, but botli snakes died before adults could be se¬ 
cured, A search was then made for naturally infected snakes in order to start 
the infection in laboratory-raised animals and to secure the adults, the eggs, 
and the miracidia. The last mentioned stage was not then known. Until the 
summer of 1932 only the immature forms had been found, but in July of that 
year two large garter snakes were found with the adults of Zeugorchis syn¬ 
tomentera, In one of these snakes there were also immature flukes, represent¬ 
ing many stages, which were undoubtedly also of the same species. Eggs were 
extruded when the adults were put in cold distilled water. The eggs did not 
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hatch in pond water after a period of several weeks in the laboratory. They 
did hatch, however, even just after they were laid, when they were fed to 
snails. 

The miracidia were obtained for study by placing young Physa gyrim in 
a watch glass with the eggs of the parasite for several hours, then isolating the 
snail in a clean watch glass and watching it closely for defecation. The feces 
were quickly transferred to a slide, crushed with a coverglass, and examined 
under the microscope for miracidia. 

Two attempts were made to infect snails belonging to Physa gyrina Say 
and Planorbis (Oyraulus) vermicularis Gould by feeding tliem the eggs of 
the parasite. After 72 days no infection had been observed, and the experi¬ 
ment was discontinued for lack of material. 


LIPE-HISTORY 
The Egg 

The eggs of Zeugorchis syntomentera are oval in outline and light brown 
in color. They vary in length from 46fi to 53/1, and ten of them averaged 48/1 in 
length by 24/i in diameter. These measurements were made in distilled water 
just after the eggs were laid. Internally, the outlines of the miracidium can 
readily be distinguished. In many of the eggs are fine granules which lie be¬ 
tween the miracidium and the shell and may represent the remains of yolk 
cells. While the eggs are still unhatched some heavy lines can be seen on the 
anterior end of the miracidium. Another internal feature which is charac¬ 
teristic of the unhatched egg is the large globule of clear substance which 
usually lies near the posterior end (pi. 13, fig. 5). 

The Miracidium 

The miracidium is fully formed when the egg is laid. No vital movement 
can be seen in the egg until it has first passed through the digestive tract of 
Physa gyrina, when the movement of cilia and other slight movements can 
be detected. The miracidium swims very sluggishly and continues to extend 
and contract itself during the process. It can attach itself to the coverglass 
with its small star-shaped sucker at the anterior end. It is elongated with the 
widest part in the first half of the body. The cuticle of the miracidium is very 
thick and the entire body is covered with cilia except the extreme posterior 
end, which has none or only a few stubs. Not much of the internal structure 
can be distinguished when the specimen is in the natural condition, but when 
the miracidia are stained with various intra-vitam dyes, espi^ially methylene 
blue, two rather large nuclei can be seen in the anterior half of the body and 
two somewhat heavier and still larger ones in the posterior part (pi. 13, fig. 3). 
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Since the eggs can be induced to hatch only by feeding them to snails, and 
since the miracidia live only for a short time in the water, it is assumed that 
the latter do not have a free-swimming period but bore directly through the 
wall of the snail’s gut and become sporocysts. 


The Sporocyst 

Several snails, Physa gyrina, were dissected from time to time to secure 
the parthenitae. No rediae were ever observed. Only the very young sporo¬ 
cysts could be successfully dissected out of the snail’s liver. One of these 
sporocysts measured 0.446 mm. in length and contained three germ balls, 
which probably represent developing cercariae (pi. 13, fig. 2). This sporocyst 
was twisted at the anterior end; the posterior end was narrower than the rest 
of the body and was somewhat club-shaped. No signs of sporocysts could be 
found in the liver of Physa gyrina 72 days after feeding to the snails the eggs 
of the parasite. 

Some attempt was made to study the percentage of infection of the Physa 
gyrina from the reservoir near the Dimond Boy Scout Camp in Oakland, 
California. One hundred and sixty Physa gyrina were examined between 
July 5 and July 25,1929. The percentage of infection was found to be slightly 
less than 10 per cent of all the individuals examined. Many of the snails that 
were opened in the first part of July contained cercariae which were too im¬ 
mature to swim. 


The Cercaria 

The cercariae used in this study were secured after they had emerged from 
^the Physa gyrina that were brought into the laboratory. The best results were 
secured by studying them while they were still alive, although some of the 
systems were best observed in the permanently mounted material. The cer¬ 
cariae killed by heat slowly applied to the slide, and then fixed in hot Bouin’s 
fluid, were found to average 0.298 mm. in length and 0.107 mm. in width. 
The greatest extension noted in this material was 0.316 mm.; the shortest, 
0.234 mm. in length. The greatest extension noted in life was 0.410 mm., the 
shortest, 0.235 mm. 

The tail is inserted ventrally and is capable of great extension and contrac¬ 
tion. In eight speciipens it averaged 0.220 mm. and was 0,268 mm. in the long¬ 
est one that was measured. The oral sucker is subterminal and averages 0.102 
mm. in diameter. In its dorsal surface, and projecting slightly from the oral 
sucker, it has a quill-shaped stylet, which measures 0:020 mm. to 0.024 mm. 
in length and 0.005 mm. to 0.007 mm. in width (pi. 13, fig. 8). In living speci¬ 
mens the oral sucker measures 0.067 mm. to 0.071 mm. in diameter. The ace¬ 
tabulum is slightly larger and averages 0.103 mm. in diameter in the pre- 
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served material. It is an important organ in crawling. It can be projected for 
a considerable distance beyond the ventral surface. 

The oral sucker opens into a short prepharynx, and this into a pharynx 
which measures in living material from 0.031 mm. to 0.037 mm. in diameter. 
The prepharynx is 0.028 mm. to 0.032 mm. in length and 0.005 mm. in diame¬ 
ter. Leading from the pharynx is an esophagus which measures 0.070 mm. in 
length and 0.0028 mm. in diameter. The caeca are very short and their ends do 
not reach the anterior margin of the acetabulum (pi. 13, figs. 1 and 4). 

On either side of the caeca are eight to ten cephalic glands. These open by 
ducts into the oral cavity. They contain an opaque substance and their shape 
is largely determined by the state of contraction or extension of the cercariae. 
Spines are quite prominent anteriorly and disappear entirely about the mid¬ 
dle of the body. 

The bladder is large and is crenate in shape. While under the coverglass 
it is seen to fill and rapidly contract. Anteriorly the bladder gives rise to two 
large crura which extend at least to the level of the anterior margin of the 
acetabulum. From the outer edges of each crus a small tubule arises and runs 
posteriorly, where it ends in three fine branches (pi. 13, fig. 4). Because of the 
opaqueness of the cystogenous and stylet glands the finer branches of the 
excretory system could not be distinguished anteriorly. There are small clear 
concretions in the bladder which are visible only in the living specimens. 

The anlage of the reproductive system can be distinguished in stained 
specimens (pi. 13, figs. 1 and 7). It forms a hood-like cover over the aceta¬ 
bulum, forks posteriorly, and is enlarged anteriorly. The beginning of the 
testes can be seen behind the acetabulum. The anlage of the Laurer’s canal 
can be seen in stained specimens when they are viewed from the side (not 
shown in figures). 

When inactive the cercaria curls up until the posterior and anterior ends 
meet ventrally, and in this position it rests on its dorsal surface. When the 
cercaria crawls, the tail is lashed from side to side as the body is contracted, 
but remains quiet when the body is extended. While swimming it bends the 
anterior end ventrally and sometimes attaches the oral sucker to the posterior 
end. The cercariae show no particular response to light, but are attracted to 
the bodies of Hyla and Bona tadpoles. 

Several experiments were conducted with these cercariae to learn some¬ 
thing concerning their relation to the hosts of the adolescariae. One of the 
experiments will illustrate the method and results. 

Two Hyla regUla tadpoles and about sixty cercariae were placed in a small 
dish of watq^ on .July 17,1929. The tadpoles were in different stages of de¬ 
velopment, one having only hind legs, the other all four lege^^wo other tad¬ 
poles were similarly placed, without accompanying cercariae, for controls. 
The control animals were quiet, while the animals exposed to the cercariae 
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lashed about violently in the dish. After fifteen nainutes no cercariae were 
found in the dish. They were observed to attack the tail of the two-legged tad¬ 
pole, particularly on the ventral fin, by releasing the acetabulum and permit¬ 
ting the body to swing freely in the water, remaining attached only by the 
oral sucker. Peristaltic movements were observed flowing from the anterior 
to the posterior part of the body of the cercaria. At the same time the body of 
the cercaria rotated to and fro on its long axis. The anterior end of the animal 
was soon submerged in the tissue, where it shaped itself into a spheroidal bor¬ 
ing organ. During this boring process the tail of the cercaria was quiescent 
and strongly contracted, and coiled against the body. When the animal disap¬ 
peared into the body of the host the tail was sheared off at the opening. Five 
flukes were observed for some time moving about in the tissue of the tadpole’s 
tail. They seemed to be going toward the tail muscle, but occasionally they 
turned away from it. At times the capillaries of the tail were entirely clogged 
as the flukes crossed them in their wanderings. After the fluke crossed such a 
blood vessel the tunnel formed by the fluke became filled with blood. The bor¬ 
ing into the tadpole’s tail was usually completed in five minutes, although it 
was observed to be accomplished in three minutes by one cercaria. 

Other and similar experiments gave like results. It was found that the cer¬ 
cariae were attracted to mature Hyla regilla when the foot of one was held in 
the water containing them, but they could not penetrate it. They attacked 
and encysted in the larvae of Bana aurora and of the newt Triturus torosus, 
although they did not attack the adults of the latter species. 


The Cyst or Metacercakia 

The cercaria upon entering the tissues of the tadpole formed a cyst after 
about an hour, during which time the fluke could be seen moving about. After 
approximately two hours the concretions in the bladder of the parasite be¬ 
came dark and were plainly visible through the cyst. By careful measure¬ 
ments of the cysts in one tadpole’s tail it was found that they continued to 
grow in size. The cysts in the tail measured 0.254 mm. in diameter for an 
average of six, after the tadpole had been infected eight days. Ten days after 
infection these cysts (eight measured) averaged 0.265 mm. in diameter for 
the same tadpole. After fifteen days twelve cysts in the same animal averaged 
0.272 mm. in diame1;er. Further measurements were impossible owing to the 
metamorphosis of the tadpole. 

When Thamnophis ordinoides were fed these infected tadpoles they became 
infected with the young flukes. The walls of all the cysts were digested and 
the flukes were free in the gut of Thamnophis after ten days, and evidence 
seems to point to a quicker consummation of this process. The average length 
of seven flukes fourteen days after ingestion was 0.472 mm. The greatest ex- 
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tension noted among these flukes was 0.609 mm. Young garter snakes which 
had been fed cysts and killed at various times showed young flukes identical 
with those freed from cysts from the tadpole’s tail. The control snakes used in 
these experiments were always negative, although some of them were col¬ 
lected from the vicinity of the pond which harbored the infected snails. All 
the snakes, however, were usually quite young and had not yet acquired an 
infection. 


The Young Fluke 

The young flukes measured (average for ten flukes) 0.534 mm. in length 
and 0.200 mm. in width after they had been in the alimentary tract of the 
snake for five days. These measurements were taken after the flukes had been 
killed with hot Bouin’s fluid. One of the flukes in life, greatly extended undei* 
a coverglass, measured 1.21 mm. Ten flukes that had been in the alimentary 
canal of a snake for nine days measured 0.350 mm. in length when killed with 
hot Bouin’s fluid. The greatest extension in life was 1.00 mm. 

In a living fluke that measured 0.672 mm. in length and 0.386 mm. in width, 
the oral sucker measured 0.119 mm. in diameter, and the acetabulum 0.113 
mm. The length of six living flukes averaged 0.680 mm., while the same flukes 
measured 0.534 mm. after being killed with hot Bouin’s fluid. 

The young flukes differed from the cercariae in several important features. 
The tail was lost when the cercaria entered the tissues of the tadpole. The 
stylet disappeared, and the cephalic glands atrophied and dwindled almost 
to the point of disappearing. More of the excretory system could be distin¬ 
guished in the yoimg flukes than in the cercariae, owing to the lack of sub¬ 
stance in the cystogenous cells. In addition to the branch that runs poste¬ 
riorly on each side of the crura there are also two that run forward, one on 
each side. All these branch again as shown in the figure (pi. 13, fig. 9). Al¬ 
though a careful search was made for flame cells none was ever seen. The 
oesophagus and the intestinal caeca were greatly distended by some unknown 
substance. The acetabulum was somewhat smaller than the oral sucker. The 
reproductive system was scarcely more differentiated than in the cercaria. 

Two young Thamnophis ordinoides were fed infected Hyla regilla, the in¬ 
tention being to keep the snakes until the flukes became mature. It became 
necessary for the writer to leave the cool August climate of Berkeley and go 
to the hot climate of Bakersfield, California. Although great care was exer¬ 
cised in transporting the snakes, both died en route. One was autopsied and 
found to harbor forty-seven immature Zeugorchis. These were subsequently 
mounted qn slides. These young flukes were indistinguishable from the young 
flukes taken from the gut of a captured but not artificially,^fected Thamno¬ 
phis ordinoides, which also harbored adult Z. syniomentera. 
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The Adult Fluke 

The adult specimens of Zeugorchis syntomentera used in this study were 
not raised experimentally, but were found in the mouth and oesophagus of 
two Thamnophis ordinoides taken in the vicinity of Berkeley in June and 
July, 1932. The young flukes that were raised experimentally by feeding 
Thamnophis ordinoides with infected Hyla regilla tadpoles were mature 
enough, however, to show all the generic and most of the specific characters. 
On comparison with young flukes of like size in the intestine of the snakes 
which also contained the adult flukes they were found to be alike in every de¬ 
tail, so that, while experimental proof is lacking, there is little doubt that the 
young flukes in both occurrences observed belong to the same species as do the 
adults. 

The adult of Zeugorchis syntomentera was described in detail by Sumwalt 
(1926), so only a general description with supplementary notes needs to be 
given here. 

Twenty-six garter snakes, Thnmnoplm ordinoides, from the vicinity of 
Berkeley, California, were examined between August, 1931, and July, 1932, 
and only four contained flukes of this s])ecies. The heaviest infection came 
from a medium-sized snake from a pond in Wildcat Canyon where Hyla tad¬ 
poles are abundant. This snake had two adult flukes in the mouth, one adult 
in the oe.soidiagus, and about thirty young flukes, of sizes varying down to 
metacercarial dimensions, in the intestine. The only other snake with adult 
flukes harbored two in the mouth, but had no immature forms. This might 
suggest that the natural habitat for the adult is the mouth, and that possibly 
the eggs escape from that unusual location. 

The average length of five mature flukes is 1 097 mm.; the width, 0.64 mm. 
The average dimensions of the oral sucker are 0.31 mm. wide by 0.26 mm. 
long. The acetabulum is 0.40 mm. long and 0.39 mm. wide. The oesophagus is 
0.097 mm. long. The eggs average 48 /a by 24/i. The entire body is covered with 
minute spines (not shown in figures) which may be sloughed oif during fixa¬ 
tion. The caeca do not quite reach the testes, which are slightly oval and 
bilaterally symmetrically placed. Pharyngeal glands are prominent, as is also 
a scalloping of the anterior part of the pharynx. There is a large seminal 
vesicle and prostat^ in the large cirrus sac. The excretory vesicle is very 
large and irregular and shows up well in individuals stained with Mayer’s 
hemalum. The vitellaria are somewhat in two groups. One group on each side 
is lateral to each caecum, and the second is posterior to it. 
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DISCUSSION 

It is interesting to compare the stages in the life-history of Zeugorchis 
syntomentefa with those of other genera of flukes in the subfamily Renifer- 
inae. Unfortunately, the experimentally completed life-history is still un¬ 
known for any single species of this subfamily; but enough is recorded 
regarding the different stages and hosts to make a comparison profitable. 

McCoy (1928) succeeded in rearing the cercariae of three genera of this 
subfamily by feeding different species of Physa with the eggs of Pneumato- 
phUus variahUis (Leidy), Dasymetra conferta Nicoll, and Renifer kansensis 
Crow. He found that each of these species required a separate and definite 
parthenita host, that when they developed in another it was a species of the 
same genus, and that even then the development was feeble and the time 
required was longer. 

Although the time required for the development of Z. syniomeniera in the 
parthenita host has not yet been determined, the host itself is a Physa, identi¬ 
fied by Dr. Hanna as Physa gyrina. It might be added here that the species of 
Physa on the west coast are so poorly known that competent conchologists 
have suspected the presence of several undescribed species. The failure of the 
eggs of Z. syntomentera to develop in two feeding experiments in which 
^^Physa gyrina^* was used from a pond where infected snakes were never taken 
might be explained if the species of Physa in this pond is different from that 
where the infected snakes are found to harbor the infection. 

The evidence at hand indicates that species of the subfamily Beniferinae 
may each require a definite and distinct species of Physa which must eat the 
eggs before the miracidia emerge. It is also known that the cercariae develop 
in sporocysts. The cercariae of the four genera are strikingly similar in gen¬ 
eral shape, stylet, stylet glands, and the Y-shaped excretory vesicle with the 
arms extending at least anterior to the acetabulum. 

The metacercaria of Pneumatophilus variahUis is not known, and, although 
McCoy (1928) does not figure this stage for Dasymetra conferta, Renifer sp., 
and Renifer kansensis, his descriptions of the method of encystment, struc¬ 
ture, and adolescaria host (which is a tadpole for the first two species and a 
catfish for R, kansensis), suggest a parallel to that given here for Z. synto¬ 
mentera. 

While the adults have never been raised experimentally, the structural 
similarities of the young flukes that were grown in the laboratory, connected 
with several observations made in nature, convince us of the identity of these 
flukes which were experimentally raised from cercariae and those found in 
nature. The mature and young flukes agree in the shortness of the caeca, posi¬ 
tion of the testes, pharynx, position of the female genitalia, and the Y-shaped 
excretory system. This last feature, although not shown in the figures of 
stained ii^pecimens, was observed in the young living flukes by the writer and 
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also by Sumwalt (1926). The scalloped pharynx, characteristic of the adult, 
has also been found in young flukes taken from a snake nine days after it had 
been fed the metacercariae from a Hyla regilla tadpole. The young flukes 
found in the intestine of snakes in nature are indistinguishable from those 
raised in the laboratory. Over fifty specimens of Thamnophis ordinoides and 
T, sirtalis have been examined from different parts of California and no other 
genus of fluke of this subfamily has yet been taken in this State. All these 
facts indicate that the young laboratory-raised flukes are the same species as 
the young and adult flukes taken in the alimentary tracts of T. ordinoides 
collected from their natural haunts. 

Baer (1924) excluded Pneumatophilus Ohdner from his family Reniferi- 
dae and defined the family in such a way that Z eng orchis cannot be included, 
although he did include it in his final list of genera of that family. In the de¬ 
scription of the family he states, “genital pore situated laterally in front of 
the ventral sucker.'^ This does not admit Zengorchis, because here the pore is 
ventral and median and in the fork of the caeca. In view of McCoy’s work 
(1928) on the life-history of Pneumatophilus variahilis (Leidy) and the 
present work on Z. syntomentera, there is little doubt that both belong to the 
same family and subfamily as do Dasymetra and Renifer, It seems, therefore, 
that Baer is unwarranted in excluding in his description of his Reniferidae 
both Pneumatophilus and Zeugorchis, and in this paper Reniferinae has been 
considered a subfamily, as defined by Pratt (1903), of the family Plagior- 
chiidae. 


SUMMARY 

The life-history and structure of the stages of Zeugorchis syntomentera 
Sumwalt have been presented. 

Physa gyrina Say was found to be the parthenita host. The eggs hatch only 
after they have been ingested by the mollusc. 

The cercariae of Z. syntomentera penetrate the skin and become metacera- 
riae in the tadpoles of Hyla regilla, Rana aurora, and even in the western 
newt. Triturns torosus. They attack the adults of Hyla regilla but cannot pene¬ 
trate the skin. 

When the infected tadpoles are fed to young garter snakes, Thamnophis 
ordinoides, the young flukes continue to develop in the alimentary tract. The 
adult fluke lives in the mouth, and its eggs probably leave the host by way of 
the mouth. 

The flukes were not reared to maturity in the experimentally fed snakes, 
but young flukes secured in this way were indistinguishable from those found 
in snakes having a natural infection of both mature and young forms. Most 
of the specific characters appear in the experimentally-raised young flukes. 
The type of life-history illustrated by Z, syntomentera is in close agreement 
with those known for other species of Reniferinae. 



174 


University of California Puhlicaiions in Zoology 


LITERATURE CITED 


Baeb, J. Q. 

1924. Deacription of a new genus of Lepodermatidae (Trematoda) with a systematic 
essay on the family. Parasitol., 16:22-31, 2 figs, in text. 

COBBOLD, T. S. 

1859. On some new forms of entozoa. Trans. Linn. Boc. London, 22:363-366,1 pi. 
Magath, T. B. 

1917. The morphology and life history of a new trematode parasite, Lmorchis f air port i 
nov. gen et nov, sp. from the buffalo fish, Ictohins, Jour. Parasit., 4:58--69, pis. 1-2. 
McCoy, 0. R. 

1928. Life history studies on trematodes from Missouri. Jour. Parasit., 14:207-228, pi. 
10,1 fig. in text. 

Nicoll, W. 

1906. Some new and little known trematodes. Ann. and Mag. Nat. Hist. (7), 17:513- 
527, pis. 12,13. 

1914. Trematode parasites from animals dying in the Zoological Society^s CJardens dur¬ 
ing 1911-1912. Proc. Zool. Soc. London, pp, 139-154, pis. 1-4. 

Peatt, H. S. 

1903. Description of four new distomes in Mark Anniversary Volume (New York, Henry 
Holt), pp. 25-28, pi. 4. 

Stafford, J. 

1905. Trematodes from Canadian vertebrates. Zool. Anz., 28:681-694. 

SuMWALT, Margaret 

1926. Trematode infestation of the snakes of San Juan Island, Puget Sound. Wash. 
Univ. Studies, 13:73-101, pis. 1-4. 



KXPLAXATTON OF PLATE i:i 



PLATE 13 


All (Irawinjys were made with the aid of a eamera lueida. 

Zcvgorchis syntomcn (cm 

Eig. 1. Stained cercaria, ventral view, x 23,*). 

Fig, 2. Young sporoeyat. x 163. 

Fig. 3. Miraeidiuin, stained intra vitally. V 850. 

Fig. 4. ('ercaria drawn from life, ventral \iew. x 103. 

Fig. 5. Egg. X 850. 

Fig. 6. Metacercaria. x 63. 

Fig. 7. Acetabulum and part of the genitalia ot the cercaria. x 403. 

Fig. 8. Stylet of cercaria. x 750. 

Fig. 9. Metacercaria removed from cyst, drawn from lif(‘, vimtral \iew, showing excre 
tory system, x 118. 

Fig. 10. Young fluke*, stained, ventral view. \ 200. 

Fig. 11. Adult fluke, stained, dorsal view, x .■)3. 
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CORRELATION OF THE DISTRIBUTION OF THE 
PROTOZOA IN THE INTESTINE OF 
RATTUS NORVEOICUS 

WITH THE HYDROGEN ION CONCENTRATION OF 
THE INTESTINAL CONTENTS AND WALL 

BY 

CHARLES A. KOFOID, ETHEL McNEIL, and AILEEN BONESTELL 


INTRODUCTION 

It was the purpose of a previous paper (Kofoid, McNeil, and Cailleau 1932) 
to determine the pH of both wall and contents of various parts of the gastro¬ 
intestinal tract of the albino rat. As is well known, these rats may be heavily 
infected with both amoebae and flagellates. Since at least one genus (Giardia) 
is found in wall .scrapings rather than in the intestinal contents, a determina¬ 
tion of the pH of the wall as well as that of the contents is necessary in any 
attempt to correlate pH with the presence or absence of Protozoa. The means 
and standard deviations were computed, and found to be significant in terms 
of their probable error. The hooded and the brown rat, as well as the albino, 
were used in the following experiments, but there were no significant differ¬ 
ences among them. ^ 

When one considers how frequently Rattus norvegicus is used for labora¬ 
tory experiments, it is surprising to find how little detailed information is 
available concerning the anatomy and physiology of its digestive tract. To 
make our later statements clearer, we define our conception of the three divi¬ 
sions of the small intestine. The length of the entire small intestine is usually 
from 101 to 116 cm., although it may be as short as 99 cm., or as long as 127 
cm. As defined by Hunt (1924) the duodenum is made up of three parts, a 
descending, a transverse, and an ascending limb. This definition makes the 
duodenum not more than 10 cm. in length. The .jejunum then ranges from 35 
to 45 cm., and the ileum from 55 to 71 cm. in length. There are no obvious lines 
of demarcation between these regions. Peyer’s patches cannot be taken as a 
criterion for ileum. They are present throughout the length of the small intes¬ 
tine, even in the duodenum, and as many as 20 patches have been found in one 
individual. Nor can the meaning of the word jejunum (empty intestine) be 
applied here as strictly as in carnivorous animals, since food is often found 
in the lower half of the jejunum in the rat. Wall scrapings were taken at in¬ 
tervals of 3 inches throughout the length of the small intestine of six rats. 
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Fig. 1. The hydrogen-ion concentration of the wail and contents of various parts of the 
gastro'intestinal tract of Battua norvegieus, showing one standard deviation, numerically 
expressed, above and below the mean. 
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Beginning with the wall immediately posterior to the pyloric valve, the pH 
averages were as follows: 5.93,6.38,6.45,6.47,6.52,6.47,6.45,6.59,6.59,6.59, 
6.67, 6.75, 6.81, 6.82, 6.79, 6.82. In other words, there is a gradual decrease in 
acidity posteriorly throughout the small intestine, but no sudden changes cor¬ 
responding to any definite divisions. The intestinal secretions and food and 
bacterial contents of the lumen have a definite effect on the pH and thus on 
the distribution of at least two of the protozoan parasite&of the intestine. 

In the present paper two series of rats were used. In the first series (nos. 
1-30) a general survey of the Protozoa in all parts of the digestive tract was 
made, and an attempt made to correlate their presence or absence with the 
hydrogen ion concentration. The second series (nos. A-.T) was used for a de¬ 
tailed study of the distribution of the trophozoites of Giardia. 

The rats were kept on the following routine diet: 

Per cent by weight 


Ground wheat. 67.5 

Alfalfa meal 20% protein. 10.5 

Fish meal. 10.5 

Fish oil (Sardeline). 5.25 

Casein. 5.25 

Salt. 1.00 


pH of the above diet 5.5 

METHOD 

In general, the same method was used as in the previous work (Kofoid, Mc¬ 
Neil, and Cailleau, 1932). The rat was anesthetized with ether and kept alive 
until all samples were obtained. In this way are eliminated errors due to the 
effect of abnormal tissue on such Protozoa as Giardia and Hexamitus. The 
rat was opened and two samples obtained from each location. One sample was 
diluted with Locke’s solution and examined immediately for Protozoa. At the 
same time a second worker determined the pll of the other sample. Errors 
due to time were thus obviated. The quinhydrone reference electrode was 
used exclusively, since it covers the required pH range and can be manipu¬ 
lated more rapidly than the calomel and hydrogen electrodes. 

RESULTS 

1. TBICHOMONA8 Doim6, 1837 

The genus Trichomonas was found in the caecum of every rat examined 
(fig. 2), usually in very great numbers, and evenly distributed throughout 
the caecal material. Contrary to the findings of Hegner (1923) it was also 
found in the ileum of 40 per cent of the rats, occurring as high as 17 inches 
above the caecum in one rat. It was also found in'the colon in 73 per cent of 
the rats. The heaviest infections of the ileum with Trichomonas were in the 6 
inches anterior to the ileocaecal valve. They were present there in great num¬ 
bers and were very active, but at 8 inches above the caecum they had begun to 
round up and to decrease in numbers. There seems to be some correlation be- 
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tween this fact and the pH of the intestinal contents. The average pH for the 
caecal contents is 6,8 (6.15-7.55) (P.E.= ±: .08). Above 8 inches the contents of 
the ileum become increasingly more acid (6.67-5.93), and the movement of 
Trichomonas slower. It is interesting to note that it is always predominantly 
the large form (T. muris) that is present in the ileum. 

Hegner (1923) states that out of 100 rats examined he found Trichomonas 
in the ileum of only one. In later work he fed T. muris to rats and studied its 
progress down the intestinal tract. He makes the statement that any Tricho¬ 
monas found above the caecum must therefore be from the specimen recently 
fed to the rats. In view of the fact that we have found T. muris in abundance 
in the ileum of 40 per cent of our rats it appears that his conclusion as to its 
exclusion from the ileum may not be valid. In all the rats the flagellates were 
fairly abundant and in 9 rats the ileal infection was definitely heavy. This 
large number precludes any possibility of their presence being due to freshly 
ingested faecal material from the cage. 

It has been suggested (Hegner, 1924) that the reason for the great abun¬ 
dance of Trichomonas in the caecum is the fact that it is carried somewhat 
passively along the digestive tract, since it has neither the sucking disc of 
Giardia nor the rapidity of motion of Hexamitus, which enable them to re¬ 
main in the upper parts of the intestine. However, both in vivo and in vitro, 
Trichomonas can attach itself to the intestinal epithelium by the axostyle and 
beat violently against the wall. It has been observed to stay attached %n vitro 
in tissue culture from 2 to 3 hours. Furthermore, Hexamitus, in spite of its 
motility, is found most abundantly in the ileum. 

Therefore the authors conclude that there is a more fundamental physio¬ 
logical reason for the distribution of the intestinal Protozoa than that ad¬ 
vanced by Hegner. As yet, we know relatively very little about the secretions 
at various levels of the rat^s alimentary tract. Starling (1920) states that there 
is an alkaline secretion in the caecum of herbivorous animals, which neutral¬ 
izes the acid formed by fermentation. Possibly it is this alkaline secretion 
from the walls of the caecum, which makes it a favorable spot for Trichomo¬ 
nas and an unfavorable one for Giardia, 

It is even more difficult to find information on the physiology of the je¬ 
junum. Alvarez in his Mechanics of Digestion says that “the food is whisked 
rapidly through the upper jejunum and moves more slowly in the lower 
ileum.” Since Trichomonas is found throughout the caecal material, it is per¬ 
haps less dependent on secretions. Possibly this is why we can culture Tricho¬ 
monas, but are unable to culture Giardia, 

There is much disagreement concerning the species of Trichomonas pres¬ 
ent in the rat. Eatcliffe (1929) and Wenrich (1924) now recognize three spe¬ 
cies, T. muris, T, parva, and T. minuta. The last named species was described 
by Wenrich*as being from 3-lOft in length and possessing three (or fourf) 
chromosomes. T. muris measures 8-20/* in length and has si:i^ chromosomes. 
T. parva is intermediate in size (5-11/t), and presumably has six chromo¬ 
somes, although Wenrich in his key to intestinal flagellates of rats does not 
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give the chromosome number. There seems to be considerable confusion in the 
literature about the identity of T. parva, since in 1921 Wenrich discovered 
that a smaller species of Trichomonas had only three (or four ?) chromosomes 
instead of the six of T. muris. At the time he thought possibly the species was 
T. parva Alexieff. Therefore Wenyon (1926) in his Protozoology lists T. 
parva as having three chromosomes. Wenrich (1924) lists three species from 
the rat, this time describing T. minuta as having three chromosomes, and in¬ 
serting after the name T. parva “tentative identification.” In 1930 Wenrich 
lists all three species in his key to the intestinal fiagellates of rats, but neglects 
to state the chromosome number for T. parva. The discovery of three chromo¬ 
somes in T. minuta has not as yet been confirmed by other workers. He (Wen¬ 
rich) states that in T. parva the undulating membrane is not well developed 
and that the chromatic basal rod is replaced by a row of chromatic granules. 

Batcliffe (1929) accepts three species and believes that T. muris can be 
separated from T. parva by culture methods. According to him only T. parva 
can be cultured, T. muris dying out immediately. However, at the present 
time we have three strains of rat Trichomonas in Locke’s-egg-serum, in which 
both sizes are present. Sheep serum (1:8) and rat serum (2 per cent) have 
been found to sustain growth most satisfactorily. Strain no. 1 is now 6 months 
old, strain no. 2, 4 months old, and strain no. 3, 4 -weeks old. The addition of 
rice starch results in an increased rate of multiplication. Tiichomonas first 
appears in the caecum of rats 3V^-4 weeks old, presumably when the bacte¬ 
rial fiora is changed following weaning. 
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2. CHILOMASTIX B£TTENCOUBTI (Fonaeca, 1915) 

Of all the rat Protozoa we found ChUomastiz to be least variable. Motile 
forms were present in the caecum of 60 per cent and in the colon of 27 per cent 
of the rats examined (fig. 2). It was never found above the ileocaecal valve. 



Fig. 2. Percentage frequency distribution of Trichomonas, Chilomastix, Ilexamitua, and 
amoebae in the different parts of the intestine of Baitus norvegicus, 

3. HEXAMITUS MUEIS (Grassi 1881) 

Hexamitus muris is a small, very slender (7-10 x 3-5ja) flagellate which is 
mainly interesting because of its extremely rapid movement and because 
other species of the genus have been reported from the blood stream of am¬ 
phibians and reptiles. Lavier and Galliard (1925) report a species from the 
peripheral blood of Bufo calamita and cite seven other cases injirhich Hexami¬ 
tus was found in frogs, toads, and tortoises. So far as is known it has never 
been reported from mammalian blood. 
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At times Hexamitus muris occurs in such great abundance that the micro¬ 
scopic field is a disconcerting mass of these slender flagellates, whose darting 
movement is so rapid that it is very difiScult to follow individuals. The pic¬ 
ture is very different from that in material from the caecum, where the micro¬ 
scopic field is often a wriggling mass of Trichomonas. Hexamitus muris is 
found throughout the small intestine and caecum, but is most abundant in the 
upper ileum, where it is present in 57 per cent of the rats in series 1~30. It was 
found in the duodenum in 17 per cent, the jejunum in 7 per cent, and the 
caecum in 3 per cent of the rats of this series (fig. 2). It seems to be the most 
adaptable of all the Protozoa of the rat, since it is found at a pH range of 
5.98-8.27. 


4. GIAEDIA Kunstler, 1882 

Of all the intestinal Protozoa of the rat, Giardia is most nearly a tissue 
parasite. It was found in 60 per cent of all rats examined, always in close 
proximity to the wall. They frequently attach themselves to the intestinal 
epithelium by their sucking disc, and except for slight movements of their 
flagella show no motion whatsoever. Therefore, unless one takes samples of 
wall scrapings he may easily fail to secure them. 

The distribution of Giardia is so different from that of the other Protozoa 
that it deserves special attention. Hegner (1923) states that it is most abun¬ 
dant in the duodenum. But unfortunately he does not state exactly what he 
means by duodenum, nor do other writers. We accept Hunt’s definition that it 
consists of three parts, a descending, a transverse, and an ascending limb. 
Therefore it is not more than 4 inches long. We have found that in heavy in¬ 
fections, the focus of the infection is in the jejunum, usually between 9 inches 
and 15 inches posterior to the stomach. The distribution of Giardia in the 
second series (A-J) is shown in table 1. In rat P the focus of infection is 
definitely localized in the area between 6 inches and 12 inches. In rat I the 
same condition is found, the infection is heaviest between 6 inches and 9 
inches. In rats A, B and J, where only an extremely light infection was 
present, the duodenum was negative for Giardia as was also the lower ileum. 
In one exceptional case (H) an unusually heavy infection was present with 
the result that the entire duodenum and ileum were positive to a one plus 
degree, with the focus of infection at 36 inches posterior to the stomach. It 
is interesting to note, however, that in this case the pH of the wall at 36 inchfes 
was 6.43, in comparison with the usual 6.82 for that region. This shows defi¬ 
nitely that Giardia is most abundant at a lower hydrogen-ion concentration 
than are the other Protozoa. The average pH for the wall of the intestine be¬ 
tween 9 and 15 inches ranges from 6.45-6.52. 

In no adult rat have we found motile Giardia below the ileocaecal valve. 
This may very probably be due to the alkaline secretion of the wall mentioned 
by Starling. We have, however, found motile forms in young rats from 20 to 
26 days old. One litter was biopsied from the 12th to the 28th day. At 12 days 
no Protozoa were present; at 21 days and at 22 days there were motile Giar^ 
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Table 1 

DISTBIBUTION OF GIAEDIA IN INTESTINAL TEACT 


Inches 

below 

stomach 

Rat A 

B 

F 

H 

/ 

J 

1 



++ 

+ 

++ 


3 



++ 

+ 

+++ 


6 



+ + + + 

+ 

+++ 


9 



++++ 

+ 

++++ 


12 



++++ 

+ 

+ 


15 


\ 

++ 

++ 

4- 


18 

Less than 1 
per field 


++ 

"f+4* 

+ 

1 or 2 
Giardia 

21 


1 to 2 per 
field 

++ 

+++ 

++ 


24 

Less than 1 
per field 


++ 

++++ 

+ 

2 or 3 
Giardia 

27 



+ 


+ 


30 

Less than 1 
per field 

Less than 1 
per field 

+ 

++++ 

1 or 2 
Giardia 


33 



1 or 2 Giardia 




36 




+++4-+ 


1 Giardia 

39 




+++ 


. 

42 



1 or 2 Giardia 







1 





45 


++ 


1 Oiardia 
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dia, but no other Protozoa; at 26 days Oiardia was still present and Trichomo¬ 
nas was beginning to appear. After this time Trichomonas was always pres¬ 
ent, but Oiardia disappeared from the caecum. Another litter gave approxi¬ 
mately the same results. Probably the change in diet, after weaning, calls 
forth the alkaline secretion and results in the disappearance of Oiardia. 

The question of pathogenicity of Oiardia for the rat has been in dispute. 
We would agree with Wenrich that the question has not as yet been settled. 
But we observed that at least some of the rats which showed a heavy infec¬ 
tion with Oiardia also showed intestinal disturbances in the form of liquid 
faeces and local inflammation. 

Potter (1928) has reported two species of Oiardia from the rat, O. muris 
Grassi and 0. lamblia Stiles, the former measuring 10.11 x 7.32/t and the lat¬ 
ter 17 X 9/t. We have also observed these two sizes in the rats examined by us. 

We may conclude, therefore, that Oiardia is primarily not an infection of 
the duodenum, but of the upper jejunum. When the infection is heavy, how¬ 
ever, it may extend up into the duodenum and down to the lower levels of the 
ileum. 


5. AMOEBAE 

Motile amoebae were fairly abundant in the caecum in 21 (70 per cent) of 
the rats examined (fig. 2). They were also found once in the ileum and four 
times in the colon imniediately adjacent to the caecum. Cysts were, of course, 
found in the colon in all rat.s in which motile amoebae w'ere present in the 
caecum. The amoebae, so far as identifiable, were principally Councilmania 
decumani. 

The troi)hozoites are distributed throughout the eaecal material at an aver¬ 
age pH of 6.8 (P.E.= ± .08). It is interesting to note (fig. 3) that the curves 
of the mean pH values for the regions in which all other Protozoa are found, 
follow each other consistently, while that for amoebae drops conspicuously 
at the caecum and colon. 



188 


University of California Publications in Zoology [Vot. 89 



- - Trichomonas 
.Chilomastix 


Giardia 

amoebae 


Fig. 3. The solid line is plotted to show the mean pH yalues of the yarious parts of the 
intestinal tract of the twenty-one rats in which amoebae were found. The other curves repre¬ 
sent, respectively, the mean pH values of the same parts of the intestine for those rats 
infected with amoebae, TriclMfnonas, Chilomastix, and Qiardia, 
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SUMMAEY AND CONCLUSIONS 

1. Trichomonas was found in the caecum of all rats examined. It was also 
present in the ileum in 40 per cent and in the colon in 80 per cent. There is a 
correlation between the decrease in numbers of Trichomonas in the upper 
ileum and the decrease in pH value of that region. 

2. Hexamitus muris was present in the duodenum in 17 per cent, the jeju¬ 
num in 7 per cent, the ileum in 57 per cent, and the caecum in 3 per cent of the 
rats examined. They are present at a pH range of 5.98-8.27. 

3. ChUomastix bettencourti was present in the caeca of 60 per cent of the 
rats examined, at an average pH of 6.77. It was never found above the ileo- 
caecal valve. It was present in the colon in 8 per cent of the cases. 

4. Oiardia was present in 60 per cent of all rats examined. It is always 
found in close proximity to the wall. Giardiasis is primarily an infection of 
the jejunum, occurring in greatest abundance at a pH range of 6.45-6.52. 

5. Motile amoebae were present in 70 per cent of the rats examined, at an 
average pH of 6.7. 
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INTRODUCTION 

The problems of determination and differentiation in Amphibia have been 
approached largely through analyses of the events in normal development. 
Perhaps the most rewarding stage for the study of these problems is gastrula- 
tion. The periods during and immediately following gastrulation have been 
characterized by Daniel (1932) as moments par excellence for the production 
of new organs and new systems. Many of the dynamic features in the creation 
of these new structures have been revealed or clarified by Spemann (1930) 
and Vogt (1925) and their collaborators. Their observations and experiments 
on Triton especially have been exceedingly fruitful and have contributed 
greatly to our knowledge of this formative period. 

Another avenue of approach to determination and differentiation is offered 
by the study of regulatory development. The course of development may be 
upset in some way but the organism will manifest a tendency to right itself 
and produce a normal individual. Unfortunately, many of the methods used 
to disturb the norm, such as wounding or subjection to cold, have resulted in 
bizarre creatures which in many cases present a maze too complicated for 
analysis. A procedure, however, which will alter the mode in which normal 
and characteristic structures are created should lend critical information 
upon the above problems. The supreme attribute of this procedure should be 
simplicity; for intelligible results and accurate interpretation, a clear insight 
into the operating forces of the method is essential. 

This paper presents a new experiment concerning regulatory development 
in Trituriis torosus, the Pacific coast newt, and indicates some of the general 
results obtained. I undertook this study at the .suggestion of Professor J. 
Prank Daniel, to whom I express sincere gratitude for his gracious and valu¬ 
able advice. • 
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METHOD 

Because of the large amount of yolk the gastrulae of Triturus torosus are 
relatively fragile and highly susceptible to disturbing influences. Variation 
in osmotic pressure, mechanical injury, and subjection to low temperatures 
produce abberant forms which seldom manifest complete regulation. 

If, however, one inject gelatin into the segmentation cavity of a blastula, 
the normal mechanics of gastrulation can be altered without initiating gen¬ 
eral disorder. A colloid, the solidifying point of which is approximately 19® C 
is obtained by dissolving about 5 grams of Difco gelatin in 200 cubic centi¬ 
meters of hot water. SuflScient neutral red (2 per cent solution) is added to 
impart a rich color; without the red tint the flow from the injection canula is 
imperceptible. The gelatin is then filtered and sterilized in the autoclave. All 
instruments, glassware, syringes, and needles are likewise sterilized. Holt- 
freter’s solution (Holtfreter, 1931) and Schotte’s silk rings (Schotte, 1930) 
upon which to maintain embryos are used exclusively. Blastulae to be injected 
are thoroughly washed by passing through several baths of Holtfreter’s 
solution. 

The injection apparatus (fig. A) consists of a two-cubic centimeter Luer 
syringe (sy,^) and a three-inch steel needle (w.) tipped with a fine glass 
canula (c.) of approximately 0.2 millimeter in diameter. Large glass tubing 
provides thin-walled canulae which may be firmly sealed on the steel needle 
with DeKhotinsky’s cement. Some device is necessary to obtain firm and 
precise depression and elevation of the canula. A modified microdissection 
apparatus which was at my disposal fulfilled this requirement. The syringe 
assumes a horizontal position when firmly clamped on the arm (a.) of the 
dissection appartus; hence, the steel needle is bent midway to provide a ver¬ 
tical direction of the canula. The screw (sc .^) moves the canula in a horizontal 
plane, while a second screw (sc.^) accomplishes a vertical movement. A finer 
and more facile control than the ordinary plunger is imperative. A glass 
tube (#.) is therefore lead from the plunger end of the syringe {sy .^) through 
a rubber stopper (s.) and is inserted into a rubber tube (r.) of four milli¬ 
meters in diameter. The tube is connected to a one-half cubic centimeter Luer 
syringe (sy,^) which may be operated conveniently at the side of the micro¬ 
scope. The entire system from second syringe (sy.^) to canula is filled with 
gelatin; pressure is thus applied through a continuous liquid medium. This 
method obviates the unevenness and resiliency of air pressure. 

A small petri dish, the floor of which has been covered with a layer of bees¬ 
wax, is filled with Holtfreter’s solution and placed on the stage of a dissecting 
microscope. A blastula to be injected is oriented in a depression in the wax 
and a small aperture in the re^on of the animal pole is created by thrusting 
a fine needle knife through both chorion and roof of the bl^ptocoel. j:i gentle 
flow of gelatin is initiated by slight pressure of the plunger of the second 
syringe ($y.^) and the canula is then inserted through the aperture into 
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the blastocoel. An approximately uniform stream of gelatin is maintained 
throughout the experiment thereby permitting variation of amount injected 
by mere alteration of the time element. When the blastocoel has been filled, the 
canula is withdrawn and the specimen immediately transferred to a container 
of cold water, the temperature of which ranges from 12® to 15® C. The gelatin 
within quickly solidifies but will not melt again unless the temperature is 
raised to the proximity of 23° C. This last feature insures maintaining in¬ 
jected individuals at 20® C. Controls for each series are likewise subjected to 
puncture and cold water. 


RESULTS 

The puncture produced in the chorion for the purpose of injection is appar¬ 
ently closed, thereby preserving the protective role of this investing mem¬ 
brane. The chorion not only serves as a possible defense against bacterial 
infection but also facilitates preserving the normal shape and even contour 
of the developing embryo. The wound sustained by the roof of the blastocoel, 
however, does not always heal. If the blastocoel is too heavily injected the 
pressure of the gelatin within may gradually enlarge the aperture. Thus, in 
certain cases a window is produced which is in itself, a novel creation, for it 
permits a view of the interior of the blastula. Observed through the trans¬ 
parent gelatin the size and disposition of the yolk cells can be clearly deter¬ 
mined. This internal view of the blastula also enables one to judge the relative 
thickness of various regions in tlie animal hemisphere and to perceive the 
activity of outer pigmented, yolk, and especially mesodermal cells. Specimens 
in which too much gelatin has been injected eventually produce monstrosities 
w^hich may be beyond interpretation. 

Most blastulae early repair the injury sustained from injection and main¬ 
tain a normal shape and superficial appearance. A slight circumferential 
depression, however, marks the boundary between the gelatin and the roof 
of the yolk (see pi. 14, fig. 3). Thus, a meridional section of the blastula would 
disclose a semicircular cap of ectodermal cells over the gelatin, below which 
is the solid mass of yolk cells. The first indication of gastrulation is the ap¬ 
pearance of the blastoporal groove which forms in the region below the white 
shield. The discernible features of gastrulation in this experiment vary con¬ 
siderably from those of the norm. Invagination and typical involution are 
apparently prevented by the obstruction of the gelatin. Moreover, rotation 
does not take place. 

The advent of the medullary plate is first indicated by concentrating pig¬ 
ment. One significant difference exists between neurulae of the controls and 
of experimentals. The normal medullary plate (mp., pi. 14, fig. 1) forms 
across the animal hemisphere. The experimental, however, is in direct anti¬ 
thesis to this (pi. 14, fig. 3). In it the medullary plate appears across the vege¬ 
tative hemisphere; hence it is necessary to invert the embryo completely in 
order to observe the forming nervous system (ni.). Neural folds subsequently 
form and fuse first in the otic region and from thence caudad and cephalad. 
By this time cranial flexure is the marked feature of the control. 
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Sehechtman (1930) has shown for Triturus torosus that stains placed on 
the animal pole of the zygote or on the intersection of the first two cleavage 
planes will mark the general location of the transverse fold of the neurula. 
Stained controls of the present experiment confirm these results. Experi- 
mentals are likewise stained with neutral red at the point of injection, which 
is approximately on the upper pole of a meridional axis. This marked area 
shows no migration and remains as the center of the ectodermal cap some 180 
degrees from the center of the medullary plate. Thus, the general region of 
the animal pole, which in urodeles normally approximates the transverse fold 
of the medullary plate or adjacent epidermis, lies far distant from tlie nerv¬ 
ous system that is actually produced in the experimental animal. 

A gross dissection of the medullary plate (mp., pi. 14, fig. 4) of an experi¬ 
mental can be performed easily by the use of needle knives. After the chorion 
has been removed a longitudinal incision is made along the medullary groove. 
Each half of the plate (mp.) is then gently turned to the side thereby reveal¬ 
ing an underlying layer of chordamesoderm (cm,) in the form of a tongue. 
This tongue-shaped layer is composed of cells which are small, spherical, and 
slightly gray in color and can be distinguished clearly from the yolk cells 
(yk,) visible on both sides. The foremost extension of the chordamesoderm 
is directly beneath the brain region and its anterior boundary underlies the 
transverse fold of the medullary plate. In some specimens, particularly in the 
posterior region, the notochord can be recognized as a column of cells occupy¬ 
ing a median longitudinal position. 

When blastulae showing the first indication of the blastoporal groove are 
injected as above, the area of the organizer of Spemann can be stained with 
certainty. Upon later dissection of specimens so stained the colored region is 
seen to extend along the median line of the chordamesoderm. This layer of 
chordamesoderm can be turned to the side as in the case of the medullary 
plate and immediately beneath it is the dense mass of yolk cells. The gelatin 
in the form of a hemisphere, the base of which rests upon the yolk and the 
surface of which is capped with a thin layer of ectodermal cells, is readily 
disclosed upon folding back the yolk cells. In many cases the cells of the ecto¬ 
dermal cap are tightly adhered to the gelatin and require a needle knife to 
strip them off. 

Transverse sections (pi. 14, fig. 5) of embryos which have been maintained 
for a week after injection show the degree of internal differentiation attained. 
The epidermal cap (an.) covering the gelatine (g,) is continuous over the 
vegetative hemisphere. While the epidermis above the gelatin may become 
several cells in thickness, it forms only skin. In a midventral position and 
inside the epidermal layer is located the neural tube (nt.). Central to the 
neural tube is the notochord (ch.) and on both sides lie the somites (so.) 
which are continuous with the lateral plates (Ip.). The formation of a noto¬ 
chordal sheath is an evidence of further differentiation. Th^ lateral plate has 
already differentiated into somatic and splanchnic layers between which is 
an incipient body cavity. These mesodermal layers terminate at the floor of 
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the gelatin, the covering of the animal hemisphere being solely ectodermal. 
Central to the notochord and splanchnic mesoderm is the compact body of 
yolk cells (yk,). Above the notochord and entirely within the yolk a small 
cavity (dg.) occurs which can be traced through many sections. This appears 
to be the beginning of the lining of the digestive tract, the creation of which 
is wholly different from that of a normal individual. 

If one select heavily yolk-laden blastulae and inject a large amount of gela¬ 
tin, an added mechanical difficulty to gastrulation is encountered. The gelatin 
prevents invagination and ingrowth of the dorsal lip under the animal hemi¬ 
sphere, while an extremely large yolk plug precludes direct epiboly. The ap¬ 
pearance of the neural folds ( nf, pi. 14, fig. 2) under these conditions is much 
like the “Ring embryos” obtained by Goerttler (1926). Virtually encircling 
the base of the epidermal cap (aw.) are the two neural folds (w/.) which con¬ 
verge at the posterior region. Below the neural folds is the hemispherical yolk 
plug (i/ft.). Upon gross dissection it was found that immediately beneath each 
neural fold there lies the unmistakable layer of mesoderm which extends for¬ 
ward around the base of the gelatin, and on to the tip of each neural fold. 

Further results and interpretations will be presented in a later paper. 


SUMMARY 

1. A method for injecting gelatin into the segmentation cavity of a blastula 
of Triturus torosus is here described. 

2. This method offers a new approach to the problems of regulatory devel¬ 
opment, determination, and differentiation. 

3. Invagination, typical involution, and rotation are prevented by the gela¬ 
tin within the blastocoel. 

4. A medullary plate forms on the vegetative area; inversion of the embryo 
is necessary to observe the forming nervous system. 

5. The epidermal cap covering the hemisphere of gelatin forms only skin. 

6. Gross dissection of the neurula stage of an experimental show's a layer of 
chordamesoderm in the form of a tongue betw'een the medullary plate and 
yolk cells. 

7. Transverse sections of embryos fixed a week after injection show the de¬ 
gree of internal differentiation which has taken place. Neural tube, notochord, 
somites, and the beginning formation of the lining of a digestive tract within 
the yolk are clearly shown. 

8. If a heavily yolk-laden blastula is injected with an excessive amount of 
gelatin a large yolk plug remains which prevents direct epiboly. In this case 
the neural folds appear about the base of the epidermal cap and converge at 
the posterior region, This condition resembles the “Ring embryos” obtained 
by Goerttler (1926). 
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Fig. A. Injection Apparatus, a., arm; c., glass canula; n., steel needle; r., rubber tube; 
8., rubber stopper; sc.i, screw for horizont^ adjustment; sc.2, screw for vertical adjust¬ 
ment; sy.i, two cc. Luer syringe; sy.*, one-half cc, Luer syringe; t., glass tube. 
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EXPLANATION OP PLATE 

Fig. 1. Normal neurula of Triturus torosus, view of left side, mp,, medullary plate; n/., 
neural fold. 

Fig. 2. Neurula of an experimental Triturus torosus, showing the neural folds converging 
in the posterior region, an., epidermal cap; n/., neural fold; vg,, yolk plug. 

Fig. 3. Late neurula of an experimental Triturus torosus, rotated to show the vegetative 
hemisphere, an., epidermal cap; nt, neural tube; vg,, vegetative hemisphere. 

Fig. 4. Gross dissection of a neurula of an experimental Triturus torosus, with the right 
and left halves of the medullary plate turned to the sides so as to show the chordameso- 
dermal organizer of Spemann. cm,, chordamesoderm; mp,, medullary plate; yh,, yolk cells. 

Fig. 5. Transverse section of on experimental embryo of Triturus torosus. an., epidermal 
cap; ch., notochord; dg,, digestive tract; g, gelatin; Ip., lateral plate; nt,, neural tube; 
so,, somite; yk., yolk cells. 
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A ROTARY DISC FOR THE OBSERVATION OF 
OBJECTS IN PROFILE 

BY 

J. PRANK DANIEL and A. B. BURCH 


INTRODUCTION 

In the course of a recent experimental study on the development of amphibian 
e<rgs it became apparent that a correct interpretation of the progress made in 
development demanded, first, that the egg be observed from the side and, 
secondly, that some method be perfected by which the egg could be rotated 
around its polar axis so that any desired meridian might be studied at any 
given time. 

In an early attempt at observation in profile, a modification of the method 
which Dellinger (1906) applied to locomotion in Amoeba was tried, but with 
limited success. Next a small square cell was constructed of cover slips, and 
this mounted so that it could be rotated horizontally. A prism was used, with 
the result that a fairly good view of the side was available. Finally, we have 
perfected a method by which a direct lateral view may be obtained and rota¬ 
tion successfully accomplished. 

APPARATUS 

The apparatus (figs. A-C) consists of a cylindrical reservoir (r.) within 
which a rotating disc (d.) is arranged before the vertical face of a small 90° 
prism (p.), silvered on the oblique face. Thus, when a microscope is focused 
on the horizontal face of the prism (p.), an immersed object (o.) mounted on 
the disc may be examined in profile. 

The reservoir, 3.5 centimeters in height and with a capacity of 16 cubic cen¬ 
timeters. is made of glass tubing with an inside diameter of 2.5 centimeters. 
One epd of the tube is closed and flattened to form the base of the reservoir. 
Into this base the sleeve (s.) of a No. 5 standard taper ground glass joint is 
fused by means of a ring seal, the greater end of the sleeve projecting into the 
reservoir 2.5 centimeters. 

The rotary disc (d.) is fused to the top of a ground glass plunger (pi.) and 
a small bead is fused to the center of this disc to serv'e as a tee on which the 
observed object rests, thus elevating it above the disc and in the direct line 
of the prism. 

With a thin film of vaseline applied to the bearing surfaces, and the plun¬ 
ger seated in the sleeve, the joint is watertight and the disc may be readily 
rotated. 
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The prism (p.) with vertical and horizontal faces 1.25 centimeters square 
is sealed into a square niche ground into the wall of the reservoir (r.) so that 
the horizontal face is flush with the top. The vertical face forms part of the 
wall itself, thus eliminating the distortion of the image that would result if 
the light passed through curved or unpolished glass. 



Fig. A. Apparatus in place on microscope. Fig. B. Detailed diagram of valve. Fig. C. 
DetaUed diagram of gear. 

d., base; c., position of clamp; d., rotary disc; horizontal and vertical bevel gear, 
respectively; o., object; p., prism; pL, plunger; r., reservoir; sleeve; sockets for 
holding reservoir and axial rod of plunger, respectively; t., thumb screw. 

A brass mounting or base (&.)» which in flgure A fits into the stage, is pro¬ 
vided further with places for adjustable clamps (c.) so that attachment may 
be made to any type of stage. The reservoir (r.) is held firmly in place in this 
base by a large socket {s}), *vrtiile the axial rod of the plunger is clamped into 
a smaller socket (8.*) mounted on a horizontal bevel geair^(p.S fig. C). The 
horizontal gear is in mesh with a vertical bevel gear (p.*) which is turned by 
the rod and thumb screw (f.) 
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With an instrument of this type at hand, direct and prolonged observation 
from the side can be accurately made. Horizontal rotation is readily effected 
and the movement of the object studied is so smooth that it is not disturbed 
in any way. 
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THE PULSATORY CYCLE OP THE CONTRACTILE 
VACUOLES IN THE OPHRYOSCOLECIDAE, 
CILIATES FROM THE STOMACH 
OF CATTLE 

BT 

EONALD P. MacLENNAN 


INTRODUCTION 

The contractile vacuoles of the Protozoa are both obvious and active or¬ 
ganelles and have long been the objects of considerable study. In spite of this, 
the contractile vacuoles of the Ophryoscolecidae have attracted far less atten¬ 
tion than any other of the organelles of this large group of ciliates. The vac¬ 
uoles of the Ophryoscolecidae are large, have a relatively slow pulsatory cycle, 
are fixed in location, and are covered with a relatively smooth and transparent 
pellicle. They thus afford highly favorable material for observations on both 
living and fixed material and also give an opportunity to compare conditions 
in a number of highly diversified but closely related genera. 

The purpose of this paper is to give an account of the pulsatory cycle of the 
contractile vacuoles in the Ophryoscolecidae with particular emphasis on the 
following points which are of interest in connection with the problem of con¬ 
tractile vacuoles in general: (1) formation, growth, and discharge of the 
vacuoles; (2) the sol-gel phenomena exhibited by the cytoplasm during the 
pulsatory cycle; (3) the excretory pore and the mechanism of its action; 
(4) the relationship between the vacuole and the various components of the 
cytoplasm. 

I wish to express my appreciation of the very helpful advice and criticism 
given to me by Professor C. A. Kofoid and Professor Harold Kirby, Jr., 
during the course of this investigation. 

MATERIAL AND METHODS 

The Ophryoscolecidae, together with numerous holotrich ciliates, are found 
in the first, second, and third stomachs of ruminants. They are found in great¬ 
est abundance and id best condition in the second stomach (reticulum). The 
ciliates used in this investigation include one or more species of each of the 
following genera: Epidinium, Eudiplodinium, Metadinium, Ophryoacoles, 
Ostracodinium, and Polyplastron. All genera except Ophryosoolex were 
found in both cattle and sheep; Ophryosoolex was found only in sheep. 
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The material from the second stomach was obtained from cattle and sheep 
slaughtered in Oakland, California. The contents were removed on the killing 
floor and brought to the laboratory in tightly corked Dewar flasks. The ciliates 
remain alive twenty-four hours or longer in material kept in this manner. 
Preparations sealed with vaseline were studied under a microscope fitted with 
a warm stage. The activity of the ciliates was controlled by adjusting the tem¬ 
perature of the warm stage. 

Comparison of fresh material and material from ten to twelve hours old 
showed that the ciliates kept in a Dewar flask for more than twelve hours 
exhibit the beginnings of degeneration of the cytoplasm, the most obvious 
mark being a general, irregular vacuolization of the ectoplasm. In order to 
eliminate any artifacts from this source, no material was studied later than 
six hours after taking it from the host, and no slides of live ciliates were stud¬ 
ied later than one hour after they were prepared. In addition, only those 
ciliates which showed normal action of the membranelle zones were used. 

Standard staining methods were followed as closely as possible in order to 
give results which might be compared with those of the majority of other 
workers. 

Janus green B, Bismarck brown, neutral red. and neutral violet were used 
to demonstrate mitochrondria and the vacuome in live material by the film 
method described by Hall (1929). These stains used in one-tenth to one-half 
per cent solution in the stomach contents are specific for the cytoplasmic gran¬ 
ules and are not toxic to the ciliates. 

In order to test the reaction to osmic vapor of the granules staining 
with neutral red (“vacuome” according to Hall, 1931), coverslip prepara¬ 
tions of live ciliates were inverted over a depression slide containing 2 per 
cent osmium tetroxide solution and sealed in place with vaseline. Camera 
lucida sketches of the arrangement of granules in a restricted region of cyto¬ 
plasm were made before the neutral red faded out. At frequent intervals 
over a period of seven days the preparations were compared with the original 
sketches. The granules stained with neutral red were never selectively im¬ 
pregnated by the osmic treatment, but were darkened along with the general 
cytoplasm. Occasionally granules which had not been stained with neutral 
red showed a slight darkening after two or three days. We conclude that 
these granules which may be stained with neutral red are not osmiophilic, and 
are not identical with the osmiophilic granules. 

Both osmic and silver impregnations were made according to the methods 

recommended by Bowen (1928a) for the demonstration of Oolgi material. 

The silver impregnations were made at room temperature (21° C.), while the 

osmic impregnations were made both at room temperature and at 32° C. The 

* ^ 

cold method is far more satisfactory than the warm method. Successful im¬ 
pregnations showed blackened granules in 95 per cent of the ciliates. Some of 
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the oiliates impregnated in osmium tetrozide were stained by Altmann’s ani- 
line-fuchsin-pieric acid method in order to demonstrate mitochondria along 
with the osmiophilic granules. 

The different species were segregated by means of a fine pipette, imbedded 
in paraffin stained with Sudan III, and sectioned at two, five, or seven mi¬ 
crons. 

Small granules in the ectoplasm of all the species investigated and the small 
prisms of the skeletal plates were found to be stained with Sudan III. Gran¬ 
ules similar in size and distribution were stained brown by chlor-zinc-iodide, 
which is used as a test for glycogen. Several sections stained with Sudan III 
were drawn with the aid of a camera lucida and then restained with chlor- 
zinc-iodide. Comparison with the camera lucida sketches showed that the red 
granules and prisms are stained brown. It seems, therefore, that the above 
method of using Sudan III reveals glycogen granules. 


GENERAL DESCRIPTION OF THE CYTOPLASM 

The boundary layer, a thin, hyaline membrane, divides the csrtoplasm of 
the Ophryoscolecidae into ectoplasm and endoplasm. This layer, which is 0.2/t 
or less in thickness, appears homogeneous in both living and fixed material. 
A fibrillar structure in the membrane has been described by Eberlein (1895) 
and more recently by Rees (1931). Sharp (1914) pointed out that the pres¬ 
ence of fibrils pressed close to the boundary layer probably led to this inter¬ 
pretation. This criticism is particularly applicable to the genus Metadinium 
which Rees investigated (his Diplodinium medium). All our observations 
bear out the homogeneity of the boundary layer. The cytoplasm is composed 
of a clear matrix in which are imbedded innumerable spherical granules, 
from 0.2 to 0.5fi in diameter. 

The only movement present in the ectoplasm is Brownian movement of the 
granules and weak localized currents in connection with the contraction of 
the vacuoles. In the endoplasm, in addition to pronounced Brownian move¬ 
ment of the granules there is cyclosis. Both parts of the cytoplasm are in the 
sol state, with the endoplasm much less viscous than the ectoplasm. Localized 
areas of gelation, which occur at times in the ectoplasm near the contractile 
vacuoles, will be described in detail in the parts dealing with the vacuolar 
cycles. No gelation was observed in the endoplasm of normal individuals. 

Cytoplasmic granules may be either in direct contact with the matrix, or 
separated from it by a watery fiuid. It was asserted by Taylor (1923) that the 
granules of Euplotes patella lie in a clear, watery vacuole surrounded by an 
envelope of relatively viscous cytoplasm. In some specimens, he could see this 
minute vacuole, in others he inferred it from the evident restriction of the 
Brownian movement of the granules. Mast (1926) reported a similar condi- 
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tion in the gelated portions of Amoeba proteus. He based his oondiisions on 
observations of the narrow amplitude of the Brownian movement and on the 
retention by the granules of a fixed position in relation to each other. The 
Brownian movement of granules in the ciliates from cattle was studied care¬ 
fully on this point. No watery vacuoles could be discerned around the gran¬ 
ules, and they were continually changing position and tumbling around one 
another. In the gelated regions, no Brownian movement could be observed. 
Therefore the granules lie in direct contact with the clear, homogeneous mat¬ 
rix of the cytoplasm and not in small, watery vacuoles. 


IDENTIFICATION OF CYTOPLASMIC GRANULES 

The granules of the ectoplasm were studied carefully in order to identify 
those showing relationship to the contractile vacuoles. The only criteria for 
distinguishing different types of granules in the Ophryoscolecidae are the 
staining reactions, since the granules are usually indistinguishable in form 
or size. 

Mitochondria .—^Mitochondria were identified in living material by stain¬ 
ing with Janus green B, and in fixed material by the Champy-Kull method 
or by staining with acid fuchsin and picric acid after osmic impregnation. The 
mitochondria are exceedingly numerous small granules uniformly distrib¬ 
uted through the ectoplasm. They usually appear to be the smallest of the 
ectoplasmic granules, their order of magnitude being about 0.2/t. 

Glycogen .—Glycogen granules occur abundantly in well fed Ophryoscole¬ 
cidae. Iodine reagents (sulphuric acid followed by iodine; chlor-zinc-iodide; 
Lugol’s solution) are useful for demonstrating glycogen granules tempo¬ 
rarily, but are unsuitable for fine cytological preparations. Sudan III, used 
in the manner described above, does not interfere with the study of any cyto¬ 
logical details and is therefore most useful in attempts to correlate the distri¬ 
bution of glycogen granules with that of other C 3 i«plasmic inclusions. 

The scattered glycogen granules are usually in the form of small spheres 
about 0.5/» in diameter. In chlor-zinc-iodide preparations they appear as 
homogeneous dark brown bodies with a rather irregular surface, but in sec¬ 
tions stained with Sudan III, each granule appears as a smooth pink sphere 
with a brilliant red granule in the center. Occasionally the glycogen granules 
of Ophryoscolex appear as stout rods up to l^i in length. 

Glycogen is particularly abundant in the skeletal plates (fig. A, J), in the 
postero-ventral region of the body, and in the operculum. Since vacuome, 
chondriome, or Golgi material is often described in close connection with such 
reserves of'food, a similar relationediip was looked for in these ciliates. The 
glycogen granules, however, showed no close spatial relationship to the other 
cell inclusions (pi. 15, fig. 14). 
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Vaouome .—^Neutral red stains specifically small spherical inclusions in 
many types of animal cells. The sum total of these inclusions has recently 
come to be known as the vaouome (Parat, 1928). Neutral red used on living 
Ophryoscolecidae consistently stains numerous granules ranging in size from 



Fig. A. 1, S, 4, Bpidinium eaudatum, x 500, 1, stained with chlor-zinc-iodide'to show dis- 
tribntion of glycogen; S, stained vitally with neutral red to show distribution of vacuome; 
4, impregnated with osmium tetroxide to show distribution of osmiophiUe granules; semi* 
diagrammatic. ‘ 

e, Metadiwium medium, x 250, unstained live specimen, semidiagrammatie. 

0.2 to 0.5/1. They are particularly numerous in the ectoplasm which forms the 
operculum, in that of the postero-ventral region, and in a narrow region just 
posterior to the membranelle zones (fig. A, 3). These regions appear as solid 
red bands under low magnification, but under high magnification it is clearly 
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seen that this appearance is caused by the staining of many of the granules, 
some of the granules and the cytoplasmic matrix remaining colorless. A small 
munber of granules which stain with neutral red are scattered uniformly 
through the rest of the ectoplasm. A few of them usually adhere to the outer 
surface of the vacuolar membranes, but there is very definitely no concentra¬ 
tion of the granules near these structures. The granules described above cor¬ 
respond in position, size, and reaction to neutral red to the vacuome described 
by Joyet-Lavergne (1926) and Hall (1931) in various Protozoa. 

Ostniophilic granules. —Osmic and silver impregnation of the Ophryoscole- 
cidae reveals a large number of granules specifically blackened. These gran¬ 
ules are all less than 0.5ju in diameter, the largest ones occurring in Eudiplo- 
diniutn, the smallest in Polyplastron. The granules are distributed generally 
throughout the ectoplasm (except perhaps in Eudiplodinium) and at certain 
times are very heavily concentrated around the contractile vacuoles (fig. A, 
4), sometimes giving the appearance of a heavy, thick, osmiophilic wall 
around the vacuole. 

In the Ophryoscoleeidae, the granules stained with neutral red are not 
blackened by osmic treatment, as pointed out in the discussion on technique; 
also the neutral red granules (fig. A, 3) are never concentrated around the 
vacuoles as are the osmiophilic granules (fig. A, 4). These observations show 
unmistakably that, in the Ophryoscoleeidae, the neutral red granules and the 
granules demonstrated by osmic or silver techniques for Golgi materials are 
not identical; therefore the findings reported by Joyet-Lavergne (1926) and 
by Hall (1929-1931) are not applicable to all Protozoa. 

The question of homologizing these osmiophilic granules with Golgi mate¬ 
rials described in other Protozoa and in the Metazoa will be treated fully in 
the latter part of this paper. For the present, the noncommittal descriptive 
phrase “osmiophilic granules” will be used to designate them. 


Observations on the Vacuolab Cycle 

The vacuolar cycles found in Epidinium and Eudiplodinium are described 
in detail, since they show two widely differing types of contractile vacuoles. 
The cycles found in Ophryoscolex, Ostracodinium, Polyplastron, and Meta- 
dinmm are described chiefly in respect to the differences brought out by com¬ 
parison with Epidinium and Eudiplodinium. 
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Fig. B. 1, Polyplastron mvlUvesieulatum, x 500; e, Ophryoseolex eaudatus, 
X 500, semidiagrammatic. 


CONTRACTILE VACUOLES OP EPIDINIUM 

Epidinium caudatum (Piorentini, 1889) was the commonest species in the 
material studied. Epidinium ecaudatum (Piorentini, 1889), E. bicaudatum 
(Sharp, 1914), and E. tricaudatum (Sharp, 1914) were less common, but suf¬ 
ficient material was available to determine that the vacuolar cycle in these 
species is identical with that in E. caudatum. 

Two .vacuoles are present in Epidinium (fig. A, 3). They lie along the dor¬ 
sal mid-line, the anterior vacuole lying just behind the dorsal membranelle 
zone and the posterior vacuole near the level of the posterior end of the macro¬ 
nucleus. The anterior vacuole is slightly to the right of the posterior vacuole, 
due to the twisting of the body (Sharp, 1914). 

The pore of each vacuole (fig. C, 7) is a circular opening in the pellicle, 
from 1 to 2/t in diameter. Prom it a short tube, the excretory canal, extends 
inward for a distance of from 2 to 4fi. The wall of the canal is formed by a 
continuation of the pellicle which covers the body of the ciliate. A thin mem¬ 
brane is stretched over the inner end of the excretory canal, closing it during 
diastole. 



212 


UnwertUy of Califomia PuhUcationo in Zoology ** 


The fully expanded vacuole (dg. C, f, 7) is a simple lentoid vesicle flat¬ 
tened dorso-ventrally. The inner surface of the vacuole is convex, while the 
outer surface is slightly concave where the vacuole is pressed against the stifll 
excretory canal. In ten specimens the antero-posterior diameter ranged from 
12 to 22/tt, the dorso-ventral diameter from 8 to 13/t. The anterior vacuole in 
most specimens is from 2 to i/t larger in both dimensions than the posterior 
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Fig. C. Epidinium caudatum. Contractile vacuoles during the pulsatory cycle drawn 
from live specimens stained vitally with neutral red. Granules stained vitally with neutral 
red are arbitrarily drawn larger than the non-staining granules. Semidiagrammatlc^ X 1000« 
dorsal view of anterior contractile vacuole; 7-9, lateral view of anterior contractile 
vacuole in optical section. 1, resting stage; S, late resting stage; S, systole; 4, late systole; 
6, diastole; 6, end of diastole; 7, resting stage; 8, vacuole rounded just before systole; 
9, systole. 

vacuole. There are also many small accessory vacuoles around the main vac¬ 
uole at this time. The vacuole in this stage may remain unchanged for a con¬ 
siderable period, which may be referred to as the resting stage. 

Cycle .—The lentoid vesicle described above is surrounded by a region show¬ 
ing little, if any, Brownian movement, indicating a gel state, f he first sign of 
activity is an increase of movement in the surrounding granules, accompanied 
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b 7 a rounding of the vacuole to a spherical shape (fig. C, S) slightly indented 
at one pole where it presses against the canal. This preliminary stage lasts 
about ten seconds. The vacuole then undergoes a sudden convulsion in adjust¬ 
ing itself completely on the canal. This is evidently the result of a further 
solation of the surrounding ectoplasm. The membrane sealing the pore rup¬ 
tures at the same time and systole occurs immediately (fig. C, 4, 9), lasting 
from 1.2 to 11.1 seconds and usually taking about 4 seconds. The excretory 
canal is again sealed by a membrane which is formed from the remnants of 
the wall of the old vacuole. Systole is usually complete, but from time to time 
incomplete systole in all gradations was observed. Several successive incom¬ 
plete systoles were observed in three specimens. In these systoles the small 
remaining vacuole drew away from the canal and the wall of the vacuole was 
pulled out in a long string which finally broke. The part attached to the canal 
forms the closing membrane. The vacuole occasionally becomes spherical, the 
cytoplasm changing from gel to sol, without starting systole. The cytoplasm 
then gradually reverts to a gel state. If the sudden, final solation occurs, 
systole invariably follows. 

The cytoplasm around the vacuole streams in during systole (fig. C, 3, 4) 
carrying along the small accessory vaeuoles. These vacuoles, along with any 
remnant of the old vacuole, then fuse to form the new vacuole (fig. C, 5 ). This 
quickly comes in contact with the inner end of the canal, becomes attached to 
it, and remains there for the rest of the vacuolar cycle. The cytoplasm is in a 
sol state from the rounding up of the vacuole at the end of the resting stage 
to this early fusion of accessory vacuoles at the beginning of diastole. After 
this fusion of the accessory vacuoles the cytoplasm around the contractile 
vacuole reverts to a gel state which is marked by a slowing up and final cessa¬ 
tion of Brownian movement and a marked irregularity in the outline of the 
vacuolar wall. This process of fusion continues for some time while the main 
vacuole grows to nearly full size. This early period of diastole occupies about 
one minute from the time of completion of systole, and in this time nearly all 
the accessory vacuoles become incorporated in the main vacuole (fig. C, 5). 
The vapuole then increases in diameter without the addition of any more ac¬ 
cessory vacuoles. The growth of the main vacuole gradually ceases and a new 
ring of accessory vacuoles appears around it. This ring corresponds to the Y, 
group in Euplotes (Taylor, 1923) and is composed of vesicles which form the 
next contractile vacuole. The vacuole may remain quiescent in this state for 
some time, the usual period being about five minutes. 

The time occupied by a single vacuolar cycle varied in the specimens ob¬ 
served by the writer from one minute to over an hour. The period of the early 
stage of diastole, the formation of the vacuole by fusion of the smaller vesi¬ 
cles, is constant, but the second stage, the growth without fusion of accessory 
vesicles, may be ended at any time by systole. 
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The nnall accessory vacuoles originate in all parts of the ectoplasm on the 
dorsal side of the ciliate. They first appear as minute vacuoles, about one mi¬ 
cron in diameter, each with one or two colorless granules and occasionally one 
or two granules stainable with neutral red adhering to the surface. These 
small vacuoles migrate slowly toward the region of the main vacuole and at 
the same time fuse with the small vacuoles. No ectoplasmic currents could be 
observed which could account for this migration, the vacuoles appearing to 
force their way among the relatively motionless granules of the cytoplasm. 

Relationship to osmiophUic granules .—The main vacuole in the quiescent 
phase of late diastole (pi. 16, fig. 19) appears in impregnated material as a 
clear vesicle limited by the yellowish orange wall and cytoplasm. A few black¬ 
ened granules adhere to the vacuolar wall and others are scattered through 
the ectoplasm. The small accessory vacuoles surrounding the main vacuole 
are completely blackened by a swarm of osmiophilic granules. These granules 
are often so closely spaced that the accessory vacuoles appear to have homo¬ 
geneous black walls with a rough, granular, outer surface. 

No stages which could be interpreted as systole were found. Since systole is 
so short, this is rather to be expected. 

The vacuole in early diastole (pi. 15, fig. 1; pi. 16, fig. 16), is a small vesicle 
with many black granules covering its surface and small black accessory 
vacuoles near it or in various stages of fusion with it. The number of osmio¬ 
philic granules adhering to the wall gradually diminishes in the larger vac¬ 
uoles (pi. 16, fig. 17) until a stage is reached in which the vacuole is clear ex¬ 
cept for a few granules on its surface (pi. 16, fig. 18) and with very few 
accessory vacuoles grouped around it. This corresponds to the appearance of 
the living vacuole at the end of the first growth period. From then on, the 
main vacuole is surrounded by more and more small blackened vacuoles of the 
Vj group. The blackened granules, as shown both in whole mounts and in sec¬ 
tions (pi. 18, fig. 39) are always outside the vacuole, never inside. The mem¬ 
brane itself is not impregnated, the appearance of impregnation being caused 
by the close packing of granules on the surface. 

The smallest accessory vacuoles observed had only one or two osmiophilic 
granules adhering to their surfaces. More granules are found around slightly 
larger vacuoles, until finally, in the accessory vacuoles near the main vesicle, 
it is difScult to see the clear vesicle in the middle of the aggregation of gran¬ 
ules. This accumulation of osmiophilic granules around the accessory vac¬ 
uoles and around the main vacuole during diastole indicates that these gran¬ 
ules are probably closely connected with the concentration of materials within 
the vacuolq. 
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CoNTBAcm^ Vacuoles op Eudiplodinium Maooii 

Two large contractUe vacuoles lie beneath the right dorsal surface of Eudi- 
plodinium maggii (pi. 15, fig. 8). The outer exretory pore of each vacuole 
is an ellipsoid from 3 to 8ft long and from 2 to 5fi wide, with its long axis lying 
parallel to the main axis of the body. These pores open on the right dorsal 
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Pig. D. Budiplodinium maggii, x 1000, Anterior contractile vacuole during the pulsa¬ 
tory cycle from a specimen stained vitally with neutral red. Granules staining mth neutral 
red are arbitrarily drawn larger than the non-staining granules. Semidiagrammatic. 
mteral view in optical section; 7-P, dorsal view in optical section. 1, end of systole; tS, 
first of diastole; 4-5s second stage of diastole; 6, vacuole rounded just before systole; 
7, end of systole; 8, end of first stage of diastole; 9, vacuole rounded just prior to systole. 

surface instead of along the dorsal mid-line as in most of the other genera. The 
excretory canal (fig. D, 7-9) extends inward from the pore for the consider¬ 
able distance of from 10 to 15^ and tapers rapidly, so that the inna r pore is 
only from 2 to 4/:. in diameter. This canal is formed by an extension of the pel- 
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lide, as in other genera. The pellicle covering the whole body has two diatinet 
layers (pi. 18, figs. 44-46), an inner striated layer (from 1 to 2fi in thickness) 
and an outer clear layer (less than 0.5/i in thickness). Only the outer layer is 
continued inward to form the canal, which pierces the striated layer. 

The resting vacuole is a large, clear vesicle (pi. 18, fig. 46), slightly elon¬ 
gated along the antero-posterior axis. The length of ten different resting 
vacuoles ranged from 20 to 30/i, the dorso-ventral diameter from 15 to 22/i. 
There is no specialized region of cytoplasm around the vacuole at this stage, 
nor are there any accessory vacuoles in the general ectoplasm. The granules 
near the vacuolar membrane show only a small amount of Brownian move¬ 
ment. 

Cycle .—^In preparation for systole the resting vacuole rounds up for a 
period of from 5 to 8 seconds (fig. D, 6,9), following a preliminary lowering 
of the viscosity of the cytoplasm immediately surrounding the vacuole. Then 
a further solation takes place, the vacuole completes the rounding up process 
in a sudden convulsion, and systole immediately follows. Systole takes from 
2.1 to 10 seconds and is usually complete, the remnants of the vacuolar wall 
forming the membrane closing the inner excretory pore. In some specimens 
systole was arrested after varying amounts of fluid had been expelled. When 
only a small vacuole was left (fig. D, 7) this was pulled away from the pore, 
apparently by the strong currents in the ectoplasm of the vacuolar region. 
The vacuolar wall was pulled out in a narrow thread which finally broke, one 
end was resorbed into the wall of the freed vacuole, the other end formed a 
smooth membrane across the inner pore. In a very short systole only a small 
amount of fluid is expelled, and the closing membrane is apparently formed 
by a slight constriction of the vacuolar wall just below the inner pore. 

The ectoplasmic matrix carrying with it a host of small non-stainable gran¬ 
ules rushes in during systole (fig. D, i) behind the retreating wall of the vac¬ 
uole. The granules stainable with neutral red remain stationary. The general 
ectoplasmic mass around the vacuole fills in a part of the space formerly oc¬ 
cupied by the resting vacuole. Thus at the end of systole there is a definite 
region beneath the excretory canal somewhat smaller than the resting vacuole 
and containing a large number of granules which do not stain with neutral 
red, in violent Brownian movement and also tumbling around as if there were 
strong but exceedingly localized currents in the clear matrix. The general 
ectoplasm containing both clear non-staining granules and granules stained 
with neutral red surrounds this region, and the granules in this region show 
very little Brownian movement as compared to their movement in the vacuo¬ 
lar region. A very narrow, almost invisible, hyaline layer separates the two 
regions. * 

Accessory vacuoles arise in this specialized region even ^^hile it is forming 
and before the old vacuole is completely discharged. These vacuoles tend to 
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arise along the anterior border and often outline it clearly. Accessory vacuoles 
forming in the middle float around freely and often touch, but show no ten¬ 
dency to fuse until after systole is complete. They then fuse (fig. D, 2) form¬ 
ing a single, large vacuole almost completely filling the anterior portion of the 
vacuolar region. More vacuoles form in the remainder of the granular area 
(fig. D, 3) and fuse with the first vacuole. This formation of accessory vac¬ 
uoles and subsequent fusion ceases when only a narrow band of granular 
material remains around the clear vacuole (fig. D, S) and brings to an end 
the first growth period in from thirty seconds to two minutes after the com¬ 
pletion of systole. 

Extreme solation of the material within this vacuolar region marked it at 
the beginning and this continues until after the accessory vacuoles begin to 
fuse. The Brownian movement and turbulence of the ectoplasm of the vacuolar 
region then gradually diminishes until at the end of the first growth period 
the wall of the vacuole is sufBciently gelated to retain traces of the accessory 
vacuoles in the roughened outline of its walls (fig. D, 4). Outside of this re¬ 
gion, however, the consistency of the cytoplasm, as indicated by Brownian 
movement, shows no such wide fluctuations. 

This vacuole with roughened walls continues to enlarge in all directions but 
without the formation of any accessory vacuoles (fig. D, 5). The granular zone 
gradually becomes thinner, and the outline of the vacuole becomes smoother 
until the elongate resting vacuole with no specialized granular region around 
it is formed anew. This second growth period lasts from one to two minutes. 
The resting stage lasts from fifteen seconds to an indefinite length of time. 

The formation of the accessory vacuoles in Eudiplodinium maggii is re¬ 
markable in that it is strictly limited to a short period during systole and to 
the first growth stage and also is limited in locality to this small, specialized 
vacuolar region. No accessory vacuoles are formed at any other time or place. 
Occasionally small vacuoles do appear in the surrounding cytoplasm in indi¬ 
viduals from material kept too long, but no such vesicles formed outside of the 
vacuolar region were ever observed to contribute to the contractile vacuole in 
any w^y. One such vesicle lying adjacent to the anterior vacuole was observed 
to be unchanged throughout seven consecutive cycles of this vacuole. 

The formation of an accessory vacuole is first marked by a gradual diminu¬ 
tion of granules in a restricted region and increase of movement in the re¬ 
maining granules. This lasts from five to ten seconds during which time the 
granules completely disappear. Then very suddenly a differentiation is ob¬ 
servable between the clear central region and the surrounding granular re¬ 
gion, and a small accessory vacuole, bounded by a distinct protoplasmic wall, 
becomes apparent. 

Relationship to osmiophUic granules .—The resting vacuole in individuals 
impregnated with osmic acid is a large, clear vesicle surrounded by golden 
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yeUow cytoplasm (pi. 18, fig. 46). Few granules occur either in connection 
with the vacuole or in the general ectoplasm. The next stage found in fixed 
material was that just at the completion of systole (pi. 17, fig. 36; pi. 18, fig. 
47}. The vacuole in this stage is a small vesicle completely filled with thickly 
packed, heavily blackened granules. A clear central vacuole bounded by a 
gray reticulum then appears (pi. 15, fig. 8; pi. 17, fig. 34; pi. 18, figs. 44,48), 
usually in the anterior portion of the granular mass, and in other later stages 
more clear vacuoles appear (pi. 18, fig. 49). This vacuolization of a dense, 
granular osmiophilic region corresponds exactly to the vacuolization of the 
granular vacuolar region observed in living material. 

The absolutely sharp demarkation of locality of granules in E. maggii 
furnishes further evidence that the granules stainable with neutral red are 
entirely different from the osmiophilic granules and that the two types of 
granules perform two entirely different functions. The osmiophilic granules 
are found only within the vacuolar region, while the granules stainable with 
neutral red are concentrated outside of it and very few, if any, are found 
within the vacuolar region. 

Eraschenninikow (1929) has previously described the results of osmic im¬ 
pregnation in E. maggii. He described both the black granules and the gray 
reticulum. He claims that the vacuolar membrane itself was impregnated, the 
granular appearance being caused by unevenness in the membrane. The black 
granular portion and the gray reticulum were homologized with the intensely 
osmiophilic “apparat externum” and the less intensely osmiophilic “apparat 
internum” respectively, described by Hirschler (1927) in the Golgi apparatus 
of various metazoan and protozoan cells. The presence of black granules and a 
gray reticulum was confirmed in the present investigation, but no evidence 
was found to support Kraschenninikow’s statement that the osmiophilic gran¬ 
ules are a part of the vacuolar membrane. 

Origin of accessory vacuoles .—The formation of accessory vacuoles in E. 
maggii apparently occurs by the solution of the osmiophilic granules, first in 
localized regions and finally involving all of them. Sections of impregnated 
vacuoles in early stage of diastole with accessory vacuoles forming is very sug¬ 
gestive in regard to the role of the osmiophilic granules in the formation of 
accessory vacuoles. These granules are massed in a heavy band around a cen¬ 
tral cavity (pi. 18, fig. 44). Close examination shows that they are suspended 
in a fine reticulum, which was turned a dark gray by the action of the osmium 
tetroxide. This gray reticulum also fills the spaces between small clear vesi¬ 
cles within the granular band. Later stages show a large clear vesicle, evident¬ 
ly formed from a fusion of the smaller, clear vesicles (pi. 18, fig. 45) and by 
the reduction and finally the disappearance of the granular band. 

The evidence for the solution of the osmiophilic granules is much more con¬ 
vincing if certain phenomena observed in living material are considered along 
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with the evidence from fixed material. In systole the migration of a large 
number of granules into the vacuolar region is easily observed, but in diastole 
no movement outward could be observed, although the granules unmistakably 
disappear and are replaced by the clear, watery, vacuolar fiuid. The direct 
observation of the solution of granules does not seem to be feasible owing to 
their large number and incessant activity which make it impossible to follow 
continuously any one granule or set of granules. The observation nearest to 
direct proof of solution is that, just prior to the formation of any particularly 
accessory vacuole, the number of granules in that region is greatly reduced 
and they disappear completely as the accessory vacuole is finally formed. 
Therefore, from a consideration of both living and fixed material, the conclu¬ 
sion that the granules dissolve in the vacuolar fiuid seems unavoidable. 


CONTEACTILE VaCUOLES OP OpHETOSCOLEX CaOTATUS 

Ophryoscolex caudatus Eberlein 1895 (fig. B, 2) possesses nine contractile 
vacuoles arranged in four longitudinal pairs around the middle portion of the 
body, with the ninth vacuole in the portion just ventral to the skeletal plate. 
Each vacuole opens to the surface by a short, cylindrical excretory canal from 
2 to 4|t in length and from 1 to 2fi in diameter. The canal is formed by an in¬ 
ward extension of the pellicle, which is a single homogeneous layer as in Os- 
tracodinium, Epidinium, and Polyplastron. 

Cycle. —In general, the vacuolar cycle of Ophryoscolex is similar to that in 
Epidinium. The resting vacuole (fig. E, i) is a large, lentoid vesicle from 20 
to 40fi in the antero-posterior diameter and from 15 to 25(i thick. Systole is 
relatively rapid, lasting from 0.4 to 1.9 seconds. A small vacuole always re¬ 
mains after systole (fig. E, d). The fusion of the new accessory vacuoles takes 
place from 30 to 50 seconds after the end of systole, the rest of diastole lasting 
from 1 to 5 minutes. The resting period in Ophryoscolex is unusually long, 
normally lasting from 15 to 45 minutes. Occasionally the complete cycle lasts 
only two minutes. 

The psmiophilic granules of Ophryoscolex, while common in the general 
ectoplasm, never show so marked a degree of concentration around the vac¬ 
uoles as do those of Epidinium. This may be correlated with the relative slow¬ 
ness of the vacuolar cycle in Ophryoscolex and with the infrequency of con¬ 
centration of any one vacuole, as well as with the relatively widespread for¬ 
mation of the accessory vacuoles in the ectoplasm. Since the osmiophilic gran¬ 
ules are primarily concerned with formation of the accessory vacuoles, the 
osmiophilic granules also are scattered rather than concentrated near the 
contractile vacuole. 
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CoNTHAOTiui: Yacuouess of Ostbacodinium 

OstracodirUum monolobum Dogiel 1927 was the species most thoroughly 
studied in this investigation. 0. graeUe (Dogiel, 1925) and 0. mammoswm 
(Bailliet, 1890) were also investigated as a check on the results obtained from 
0. monolobum. 
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Fig. E Surface view of contractile vacuoles during the pulsatory cycle from individuals 
stained vitally with neutral red. Granules staining with neutral red are arbitrarily drawn 
larger than the non-staining granules. Semidiagrammatic, x 1000. 

I-rf, Ophryoscolex oaudatus, 1, resting stage; £, systole; 3, end of systole; 4, diastole. 
5-7, Ostracodimum monolobum, 5, end of systole; 5, resting stage; 7, diastole. 


There are from two to six contractile vacuoles along the dorsal mid-line of 
Ostracodinium, Two vacuoles are present in 0. gracile, three in 0. mammo- 
sum, and five in 0, monolobum (pi. 15, fig. 5). These vacuoles are adjacent 
to the left border of the macronucleus, lying in a longitudinal strip of ecto¬ 
plasm thicker than that of the rest of the body. Fully expanded vacuoles vary 
































1938] MaeLem%an: Cycle of Vacuoles in ihe Ophryoscolecidae 221 

in antero-posterior diameter from 4 to 20/i and in dorso-ventral diameter from 
3 to 12/a. In species with a relatively large number of vacuoles such as 0. mo- 
nolobum, the region of gel around the vacuoles forms a continuous longi¬ 
tudinal strip in the general ectoplasmic sol. This strip is also marked by a con¬ 
centration of neutral red granules and Golgi granules. 

Cycle .—The preliminary rounding of the vacuoles lasts from 8 to 10 sec¬ 
onds, while systole only lasts from 0.8 to 1.9 seconds. The main vacuole con¬ 
tracts until a vesicle about 4/a in diameter remains (fig. E, 5) , and then systole 
ceases. The neutral red granules retain their position for a short time after 
systole, so that the former position of the vacuole is marked for a short time 
by a sphere of colorless, granular ectoplasm surrounded by ectoplasm filled 
with small accessory vacuoles and with granules stainable with neutral red. 
The whole vacuolar cycle lasts at least two minutes, the usual period for an 
actively contracting vacuole being about 2.5 minutes. 

The accessory vacuoles in most of the Ophryoscolecidae are formed in a 
more or less limited region around a particular vacuole and fuse only with it. 
The vacuoles in Ostracodinium monolohum, on the other hand, are so close 
together that the accessory vacuoles may fuse with either one of two adjacent 
contractile vacuoles. In some specimens the accessory vacuoles assembled near 
a canal after systole fuse with the adjacent contractile vacuole instead of 
forming a new vacuole for the canal. In other specimens two contractile 
vacuoles may grow so large that they touch and fuse, the double vacuole then 
becoming detached from one of the canals and emptying through the other. 
In such an occurrence the only indication of one vacuole is the canal and pore. 
These variations produced by the extreme crowding of the contractile vac¬ 
uoles, and also the occasional formation of large accessory vacuoles which may 
be confused with the true contractile vacuoles, make the correct counting of 
the contractile vacuoles in fixed specimens of the species difficult and at times 
impossible. 

A layer of osmiophilic granules is found around the vacuole during diastole 
and shows clearly the formation of accessory vacuoles within it (pi. 17, fig. 
35). This vacuole is strikingly similar to the vacuole of Cycloposthium den- 
tatum f. scutigerum described by Strelkow (1931a, pi. 15, figs. 19-20). He 
interpreted this as a stage in the division of the vacuole. The individual 0. 
obtosum from which our figure was made, showed no indication of the multi¬ 
plication of any organelles, which marks division; also this stage in fixed 
material corresponds to the stage of diastole in which growth of the vacuole 
is accomplished by the formation and fusion of small accessory vacuoles as 
observed in living material. We conclude that his interpretation is incorrect. 
The appearance of small vesicles in the osmiophilic region around a contrac¬ 
tile vacuole indicates the formation of accessory vacuoles rather than a divi¬ 
sion of the whole organelle. 
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CoNTBACTiiiE Vacuoles of Poltplastbon Mui/tivbsioulatum 

Polyplastron multivesiculatum (Dogiel and Fedorowa, 1925) shows as many 
as ten vacuoles (fig. B, 1), a larger number than any of the other Ophryosco- 
lecidae. Four vacuoles are arranged longitudinally along the dorsal mid-line. 
One vacuole lies just to the left of the anterior vacuole of the dorsal row. The 
rest of the vacuoles are found under the right side. One is occasionally found 
between the two main skeletal plates. One pair of vacuoles, arranged longi¬ 
tudinally, lies ventral to the right skeletal plates, and another pair is placed 
parallel to the first pair and ventral to it. The number of vacuoles present in 
an individual varies considerably from time to time. Only seven vacuoles were 
present in one individual with a retracted oral zone. The oral zone opened 
shortly after the observations were started and the ciliate began to feed. Four 
more vacuoles appeared in a short time, each of them going through several 
pulsatory cycles. Pores and excretory canals were found in individuals with 
less than ten vacuoles in the positions occupied by vacuoles when all were 
present. These observations were repeated on many other individuals. The 
variation in the number of vacuoles of Polyplastron is dependent, therefore, 
upon the intake of fiuid during feeding. During periods of lessened fiuid in¬ 
take, some of the vacuoles are indicated only by the excretory pores and 
canals. 

The fully expanded vacuole (fig. F, 5) is relatively small, with an average 
diameter of about 15/1 (ranging from 12 to 30/i), and a dorso-ventral diameter 
of from 8 to 15/i. These fully formed vacuoles are smaller and more nearly 
spherical than those of any other genera studied excepting Ostracodinium. 

Cycle .—The preliminary rounding of the vacuole lasts from 1 to 3 seconds. 
Systole then starts, lasting from 1.5 to 3.0 seconds, and is usually complete. 
The accessory vacuoles and the spherules staining with neutral red retain 
their position during systole (fig. ¥, 1, 6), the space formerly occupied by 
the resting vacuole being filled by the matrix and the non-stainable spherules. 

The fusion of accessory vacuoles is complete in from 20 to 60 seconds. The 
vacuole increases in size for a time without addition of accessory vacuoles, 
the waU becomes smooth and the vacuole usually becomes elongated in the 
antero-posterior axis. A concentrated ring of granules assembles at this time 
around the vacuole (fig. F, 4) and small accessory vacuoles arise within it and 
empty into the main vacuole. The spherules forming this ring are not stain- 
able with neutral red. The ring of spherules gradually disappears as the ac¬ 
cessory vacuoles form within it. Some of these vacuoles remain intact and 
later fuse to form the next contractile vacuole. The formation and disappear¬ 
ance of the ring occupies from 30 to 60 seconds. 

The total cycle from systole to systole takes from fifty seconds to ten min¬ 
utes, the average time in the specimens studied being about two minutes. 
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Most of the accessory vacuoles arise just after systole, replacing the old 
contractile vacuole. The granules in parts of this region gradually decrease 
in number and then very suddenly the clear vacuolar fluid is differentiated 
from the surrounding ectoplasm, which becomes more viscous. Smaller so- 
lated regions appear also in the surrounding ectoplasmic gel and small acces- 



Fig. F. Contractile vacuoles during the pulsatory cycle from live specimens stained vitally 
with neutral red. Granules staining with neutral red are arbitrarily drawn larger than the 
non>staining granules. Semi-diagrammatic. 

1-8f Polyplctstron multivesiculaium, x 1000. 1-S, surface view of anterior dorsal vacuole; 
€-8, side view of the same vacuole in optical section. 1, end of systole; 8, beginning of dias- 
tele; S, end of the first stage of diastole; 4, second period of diastole; S, resting stage; 6, 
end of systole; 7, second stage of diastole; 8, vacuole rounded just prior to systole. 

9-11, Metadimum medium, x 500, lateral view of the anterior contractile vacuole in op¬ 
tical section. The anterior end of the macronucleus and the micronucleus are shown in out¬ 
line. 9, resting stage; 10, middle of systole; 11, late diastole. 


sory vacuoles are formed in the same manner. All these vacuoles migrate to¬ 
ward the canal and fuse to form the small, irregular vesicle of early diastole. 
The formation of the small accessory vacuoles in the granular ring in late 
diastole is not so apparent as that described above as occurring just after 
systole. 


















224 


University of California PubUoations in Zoology W 


At the end of systole, as shown by osmic preparations, the vesicle is re¬ 
placed by several small vacuoles (pi. 17, fig. 20), around which are clus¬ 
tered a number of relatively large osmiophilic granules. In the next stage, the 
single smaU vacuole of early diastole (pi. 17, fig. 21) is surrounded by a layer 
of very fine osmiophilic granules in which are imbedded a few large granules 
such as occur in the previous stage. As the accessory vacuoles fuse, these large 
granules either break up and form this band of smaller granules, or they dis¬ 
appear and are replaced by a new set of small ones. The origin of the smaller 
granules from the larger ones seems the more reasonable interpretation. This 
osmiophilic band thickens (pi. 17, figs. 22,23; pi. 15, fig. 7) and in some speci¬ 
mens reaches a diameter of 5/i. The granular character of this band is appar¬ 
ent only in material impregnated at room temperature (pi. 17, fig. 25). In 
material impregnated with osmium tetrozide at from 30° to 35° C (pi. 17, 
fig. 26), the granular zone appears as a homogeneous black band, the only 
evidence of the original granular structure being the rough outer surface. 

In the next stage, small clear vesicles are found in the osmiophilic region 
(pi. 17, fig. 27). Since this band of osmiophilic granules corresponds exactly 
to the band of closely packed granules observed during the vacuolar cycle in 
the live specimens, it is clear that the osmiophilic granules and the granules 
stainable with neutral red are two entirely different types of cytoplasmic 
inclusions. 


Contractile Vacuoles of Metadinium Medium 

Metadinium medium Averinzew and Mutafowa 1914, the only species of 
the genus found thus far in California cattle, possesses two large, nearly 
spherical vacuoles beneath the right dorsal surface (fig. A, 2). These vacuoles 
are half imbedded in two large dorsal hollows of the macronucleus, one near 
the anterior end and one near the posterior end. 

The excretory canal is from 8 to 10/t long (pi. 17, fig. 32) and opens by 
means of a small, circular, outer excretory pore, from 3 to 5/* in diameter. The 
pellicle of Metadinium, as weU as that of Eudiplodimum, is in two layers, a 
thick inner striated layer, and a thin, outer clear layer. An inward extension 
of the clear layer alone forms the wall of the excretory canal. 

The resting vacuoles (fig. F, 9) of Metadinium medium are large and nearly 
perfect spheres, from 25 to 35/* in diameter. A narrow, densely granular rim 
from 1 to dfi in thickness surroimds each vacuole. Small flattened accessory 
vacuoles are imbedded in this region. A few granules stainable with neutral 
red are found in the rim, but the majority of the granules could not be stained 
with any of the vital dyes used in this investigation. None of the granules in 
the vacuolar region exhibit Brownian movement at this time, demonstrating 
that it is a relatively stiff gel. The general ectoplasm has fewi&f granules than 
the vacuolar region, but a large proportion of these granules are stainable with 
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neutral red, so that in an individual stained with this dye the pale greenish 
gray vacuolar region is bounded by myriads of brilliant red granules. The 
granules in the general ectoplasm show marked Brownian movement, the sol 
state thus indicated differing markedly from the gel state of the granular 
band around the vacuoles. 

Cycle .—The main vacuole contracts in a leisurely fashion (fig. F, 10), tak¬ 
ing from 21.2 to 26.0 seconds for the completion of systole. The small acces¬ 
sory vacuoles in the granular rim expand rapidly and fuse together as the 
main vacuole contracts. There is at the same time a definite flow of granules 
from the general cytoplasm into the vacuolar region, so that the total diame¬ 
ter of the vacuolar region (vacuole plus granular rim) remains imchanged. 
Systole is usually complete and the remainder of the wall of the old vacuole 
forms the closure membrane over the inner excretory pore. 

The osmiophilic granules in Metadinium form a heavy band around the 
contractile vacuole and are also scattered evenly throughout the whole ecto¬ 
plasm. Only the granules in the band around the vacuole appear to be con¬ 
cerned directly with the vacuolar cycle. The osmiophilic rim can be demon¬ 
strated in osmic preparations in all stages of the cycle. This confirms the per¬ 
manency of the granular rim as observed in living specimens and emphasizes 
the contrast to the granular region, which is present in Eudiplodinium only 
in diastole. 


STRUCTURE OF THE CONTRACTILE VACUOLE IN THE 
OPHRYOSCOLECIDAE 

. Pore .—The presence of a permanent pellicular pore has been denied for 
many ciliates. Khainsky (1910) described instead a rhythmic rise and fall 
of the pellicle over the vacuole of Paramecium during the pulsatory cycle and 
gave the name “papilla pulsatoria” to the portion of the pellicle involved. 
This activity was described entirely from fixed material. Ilaye (1930) de¬ 
scribed a similar appearance in Polyplastron multivesiculatum and Ostraco- 
dinium gracile and like Khainsky found no excretory pores or canals. The ob¬ 
servations reported in this paper, however, show that the papilla pulsatoria 
is never present in living material and that the rise and fall of the pellicle over 
the vacuole as figured by Haye is caused by the processes of fixation, imbed¬ 
ding, and sectioning. 

The papilla pulsatoria described by Taylor (1923) in Euplotes is a thin pro¬ 
toplasmic membrane sealing a permanent pore in the hard, rigid pellicle. The 
drawings published by Bretschneider and Hirsch (1927) of the papilla pul¬ 
satoria in Balantidium giganteum indicate a similar type of structure. These 
structures are entirely different from the lai^ invaginations and evagina- 
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tions of the pellicle of Paramecium described by Khainaky and should not be 
included under his term. 

The excretory canal and the inner and outer excretory pores are permanent 
pellicular structures in the Ophryoscolecidae. The canal is rigid at all times 
and shows no traces of sphincters like those described by Strelkow (1931a) 
in the Cycloposthiidae. The inner pore is closed at all times, except during 
systole, by a thin protoplasmic membrane, formed from the remnants of the 
wall of the old vacuole. The inner excretory pore of the contractile vacuoles 
in the Ophryoscolecidae is similar to the permanent opening in the pellicle of 
Euplotes, sealed except during systole by a delicate protoplasmic membrane. 
Zenker (1866) gave a similar interpretation for the vacuole of several ciliates. 

Vacuolar wall .—The presence of a permanent membrane bounding the con¬ 
tractile vacuole has been the subject of much dispute, but since the observa¬ 
tions of Wrzesniowski (1869) it has been generally admitted that in those 
vacuoles which are formed by the fusion of newly arising accessory vacuoles, 
the boundary membrane is only a temporary differentiation of the cytoplasm. 
Taylor (1923), on the basis of his observations on Euplotes, corroborates this 
view. 

The wall surrounding the contractile vacuole and the accessory vacuoles of 
the Ophryoscolecidae is temporary, disappearing during systole and re-form¬ 
ing anew as each new accessory vacuole is formed. The wall, like that in 
Euplotes, is not a membrane in the structural sense, since only the internal 
surface of the wall is sharply differentiated and the outer surface grades indis¬ 
tinctly into the surrounding ectoplasm. 

Kraschenninikow (1929) and Haye (1930) described a definite membrane 
around the contractile vacuoles in several genera of the Ophryoscolecidae. 
Kraschenninikow claims that the membrane is osmiophilie. Haye described 
small granules imbedded in the membrane and stated that these are lipoidal 
in nature. He also described the accessory vacuoles as arising in this mem¬ 
brane, appearing in his drawings as little blisters. The presence of a definite 
membrane in the vacuoles of the Ophryoscolecidae is due entirely to fixation 
and is the result of partial fusion of the granules immediately surrounding 
the vacuole, giving the appearance of a heavy, vacuolated membrane. In Etidi- 
plodinium, the form on which Kraschenninikow based his conclusions, the 
boundaries of the vacuoles are relatively inconspicuous in material impreg¬ 
nated with osmium tetroxide, while the outer boundary of the vacuolar region 
is very sharp. Thus Kraschenninikow mistook the outer limit of the heavy 
granular vacuolar region surrounding the vacuole proper for the vacuolar 
membrane. 

The consistency of the cytoplasm forming the vacuolar wall is usiially de¬ 
scribed as being slightly more viscous than the adjacent cs^plasm (Taylor, 
1923; Howland, 1924). This conclusion is based both on micro-dissection ex- 
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periments and on the fact that the gi'anulM iiext to the vacuole do not show 
Brownian movement. A similar narrow rim of viscous material adhering to 
the vacuole is present in the Ophryoscolecidae. 

The viscous layer apparently solates at times and allows the accessory vac¬ 
uoles to fuse. The ability of accessory vacuoles to fuse is dependent on the 
phase of the vacuolar cycle. Some of the accessory vacuoles formed in the 
extremely fluid vacuolar region of Eudiplodinium during the end of systole 
bump together quite forcibly under the influence of the localized cytoplasmic 
currents in this region but show absolutely no tendency to fuse at this time. 
After systole is entirely completed, however, these accessory vacuoles fuse 
Mrith one another at the slightest touch. Howland (1924) notes a similar phe¬ 
nomenon in Atnoeha. Therefore, although the immediate cause of the fusion 
of two contiguous vacuoles is their contact, contact alone is insufScient to 
cause fusion unless another factor is operative. This necessary factor is prob¬ 
ably the solation of the delicate, indeterminate gel envelope forming the 
vacuolar wall. 

Vacuolar region. —Differentiations of cytoplasm around the contractile 
vacuoles have been noted in many ciliates. Paure-Fremiet (1925), Fortner 
(1926), and others have considered this region to be intimately concerned 
with the phenomena of vacuolar cycles and have called it the “Nephridial- 
plasma.” Spirostomum (Day, 1930; Haye, 1930), and Blepharisma (Haye, 
1930), etc., show no specialized region around the contractile vacuoles. 

The position of the main vacuoles is permanent in all the Ophryoscoleeidae 
and the formation of accessory vacuoles takes place in a more or less limited 
area, the degree of localization varying in the different genera. No region of 
cytoplasm around the vacuole is visibly differentiated from the rest of the 
ectoplasm in either Ophryoscolex or Epidinium. The vacuoles of Ostraco- 
dinium lie in a longitudinal band of gelated ectoplasm, solation occurring 
only in localized regions around an active vacuole. There is a temporary dif¬ 
ferentiation of ectoplasm around the vacuoles of Polyplastron during dias¬ 
tole. A very definite band of ectoplasm forms around the vacuoles of Eudi- 
plo^inium during diastole. In Metadinium a similar band is present during 
the whole cycle. The formation of the new vacuoles in both of these genera is 
entirely restricted to this vacuolar region. The material of these specialized 
regions is clearly derived from the general ectoplasmic material and in par¬ 
ticular represents a concentration of osmiophilic granules. Thus within the 
Ophryoscoleeidae' all degrees of concentration of vacuolar materials are rep¬ 
resented and the genera may be arranged in an intergrading series extending 
from Ophryoscolex with a very slight concentration of osmiophilic granules 
around its vacuoles during diastole, up to Metadinium with a permanent band 
of osmiophilic granules around its vacuoles. This series also represents a 
gradation in the formation of accessory vacuoles. These vesicles in Ophryo- 
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scolex form in most of the ectoplasm and arise as very minute vesicles below 
the range of visibility and can be seen only when fully formed. In Epidiniutn 
the formation of accessory vacuoles is restricted to the dorsal side; in Ostra- 
codinium the formation is restricted to a narrow dorsal strip and the vesi¬ 
cles are visible from their earliest stages; in Polyplastron they form in a 
similar restricted region, and in later diastole the last of the accessory vac¬ 
uoles form in a granular band around the vacuole; finally in Eudiplodinium 
and Metadinium they form only in the restricted granular region and are rela¬ 
tively large even in their earliest stages. Thus where there is no localization 
of formation of accessory vacuoles, there is no concentration of granules 
around the contractile vacuoles; where there is a localization of vacuolar 
formation there is a great concentration of granules in the vacuolar region. 
This correlation of osmiophilic granules and accessory vacuole formation 
definitely indicates that these granules play an important role in the vacuolar 
cycle. 


ORIGIN OF THE ACCESSORY VACUOLES 

The differentiation of small accessory vacuoles from the cytoplasm is one 
of the fundamental problems in a study of the contractile vacuoles. The origin 
of the accessory vacuoles has been described in other ciliates either as a fusion 
of pre-existing, but invisible, vacuoles of the ectoplasm, or as an entirely new 
concentration of fluid with a subsequent differentiation of the vesicle from 
the cytoplasm. Taylor (1923) showed that the granules of Euplotes oscillate 
in small, fluid-filled vacuoles. He states that in some the granules may dissolve 
and thus give rise to the small, clear accessory vacuoles (his group V,). He 
also shows the possibility of a de novo origin. 

The accessory vacuoles in Metadinium, Polyplastron, Eudiplodinium, and 
Ostraeodinium arise as relatively large vesicles and can be made out clearly 
in all stages of formation. There is first a localized eolation of the ectoplasm, 
then a gradual disappearance of granules in the solated portion, and finally 
a very sudden differentiation between the clear vacuolar fluid and the sur¬ 
rounding ectoplasm, producing the appearance of a miniature explosion as 
referred to by Day (1927). There is strong evidence for the solution of the 
osmiophilic granules in the vacuolar fluid at this time, particularly in Eudi¬ 
plodinium and Metadinium. The evidence has been siunmarized in connec¬ 
tion with the description of the osmiophilic granules of Eudiplodinium. The 
accessory vacuoles in these forms do not arise by fusion of ultramicroscopic 
alveoli but arise de novo as relatively large vesicles which are first visible as 
solated portions of the ectoplasmic gel, the differentiation of the vacuolar con¬ 
tents from the protoplasm being only the end of the whole process of forma¬ 
tion. The accessory vacuoles of Epidinium and Ophryoscolex torm as minute 
submicroscopie vesicles and therefore their method of origin cannot be di* 
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rectly demonstrated. There is, however, no evidence of an alveolar structure 
of the ectoplasm in these two genera, and since the de novo origin is certain in 
the other four genera investigated, a like origin of the accessory vacuoles in 
Epidinium and Ophryoscolex is probable. 

The accessory vacuoles normally form in a regular manner, fuse to form 
one of the contractile vacuoles, and their fluid is thus forced outside of the 
ciliate. Abnormal specimens, either kept on a slide too long or injured in 
other ways, show the formation of many irregular vacuoles in all regions of 
the ectoplasm and in such numbers that only a few of them are eliminated by 
fusion with the contractile vacuole. Vacuolation is a fundamental property 
common to all the ectoplasm, but its action is restricted in normal individ¬ 
uals to a relatively narrow region. Thus the formation of a fluid center which 
results in the localized accumulation of fluid in a vacuole (Dixon, 1920; Tay¬ 
lor, 1923) is accomplished through the action of a specialized region of the 
ectoplasm and in that sense the contractile vacuolar system is a permanent 
organelle. 


SOURCE OP THE VACUOLAR FLUID 

The path of the water through the protozoan cell has excited little interest 
compared to the attention paid the contractile vacuole itself. Hartog^s theory 
(1888) involves the assumption that the whole surface membrane is perme¬ 
able to the water of the surrounding medium; also that the intake of water of 
any given specimen is solely dependent on the concentration of this medium. 
Degen (1905) and others have accepted his view. Recently the permeability 
of the whole outer membrane has been questioned to some extent. Taylor 
(1923) showed that the accessory vacuoles most commonly arose near food 
vacuoles and on this basis considered the main point of entry to be through 
the oral region. Eisenberg (1925) considered that in Paramecium caudatum 
most of the water entered by way of the protoplasm bordering the peristome. 

There is deflnite evidence that the pellicle of the Ophryoscolecidae is rela¬ 
tively impermeable. The penetration of vital dyes is very rapid during active 
feeding, the maximum depth of staining being reached in less than half a 
minute. When the oral region of one of the Ophryoscolecidae is closed, more 
than half an hour elapses before its cytoplasmic granules are distinctly col¬ 
ored. Pulsation of any of the vacuoles in a specimen with a closed oral region 
is rare, but is common in actively feeding specimens. In Polyplastron several 
of the vacuoles are present only when the individual is actively feeding. It is 
clear that very little of the excess water and other materials can be eliminated 
through the general surface of the body. It is easily shown by direct observa¬ 
tion that very little, if any, of the extra fluid taken in during feeding leaves 
through the anal opening. 
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All this evidenoe indicates that the pellicle covering the general surface of 
the body is relatively impermeable. The contractile vacuoles alone eliminate 
most of the fluids. Most of the fluid excreted by the contractile vacuoles enters 
through the cytostome. One function of the contractile vacuole, therefore, is 
to eliminate the excess water taken in with the food materials. At the same 
time, this water, as it is eliminated, serves as the vehicle for dissolved mate¬ 
rials such as katabolic wastes. 


VACUOLAR CYCLE 

Besting stage ,—Many contractile vacuoles after attaining full size show a 
more or less marked period in which no appreciable change either in size or 
form occurs. This stage is particularly prominent in the Ophryoscolecidae, in 
which the contractile vacuoles are only occasionally active. Any assemblage of 
osmiophilic granules is completely absent or at a minimum at this time and 
the surrounding ectoplasm is firmly gelated. This period of the pulsatory 
cycle thus presents a marked contrast to diastole and systole which are both 
accompanied by so many striking cytoplasmic changes. The lack of concen¬ 
tration of osmiophilic granules near the contractile vacuoles during the in¬ 
active part of the pulsatory cycle is the condition to be expected if these gran¬ 
ules are intimately concerned with the formation of contractile vacuoles. 

Systole ,—The stimulus for systole is unknown. Taylor (1923) showed that 
the vacuole of Euplotes must touch the excretory pore before systole can 
occur and concluded that this is the stimulus for systole. The vacuoles in the 
Ophryoscolecidae, however, are in close contact with the pore during the lat¬ 
ter half of diastole and during the resting period. Contact of the vacuole 
and the pore is therefore not a stimulus for systole in the Ophryoscolecidae. 
It is possible that in Euplotes the correlation between contact and systole is 
only a coincidence. The size of the vacuoles has nothing to do with commence¬ 
ment of systole. Systole may take place at any time after the first fusion of 
the accessory vacuoles and a resting vacuole, which thereupon suddenly con¬ 
tracts without any increase in size. Botsford (1926) and others have made 
similar observations in other Protozoa. Therefore while it has been shown 
definitely in several forms that systole is immediately preceded by a eola¬ 
tion of the membrane closing the excretory pore and of the cytoplasm imme¬ 
diately around the vacuole, the stimulus behind that phenomenon is still 
unknown. 

Many theoretical explanations of systole have been advanced, but some of 
them are contrary to observed facts and none accounts completely for all the 
observable*phenomena. It is also probable, if not certain, that no single expla- 

. * I* 

nation can be applied to the vacuoles of all Protozoa. For example, Dixon’s 
theory (1920) of the contractile vacuole assumes that there is a gel structure 
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garrounding the contractile vacuole throughout the whole cycle and that the 
energy necessary for the expulsion of the vacuolar fluid comes from the elas¬ 
ticity of this postulated gel. Actually, systole of the contractile vacuoles of 
many of the Protozoa is accompanied by signs of marked eolation of the sur¬ 
rounding cytoplasm. Taylor (1923) showed that the membrane closing the 
excretory pore in Euplotes (his papilla pulsatoria) reverts to a sol condition 
and ruptures at the beginning of systole, and he implies a solation of the whole 
region around the vacuole. 

Systole of the contractile vacuoles in the Ophryoscolecidae occurs only 
when the surrounding region is solated. During this solation, the membrane 
closing the inner excretory pore is dissolved or so weakened that it ruptures. 
This is exactly opposite to the conditions postulated by Dixon (1920) in his 
theory of the mechanism of vacuolar action, and his theory cannot be applied 
either to the Ophryoscolecidae or to Euplotes. 

The problem of systole is further complicated by the occasional occurrence 
of partial systole. This is a widespread phenomenon and has been reported in 
Euplotes by Taylor (1923), in various species of Amoeha by Botsford (1926), 
Howland (1924), Howland and Pollack (1927), and in Actinosphaerium by 
Howland and Pollack (1930). Howland and Pollack present evidence to show 
that partial systole in Amoeba dubia is caused by strong cytoplasmic currents 
which pull the vacuole away from the temporary pore. This was observed in 
the present investigation in Ophryoscolex, Ostracodinium, Polyplastron, and 
Eudiplodinium. Many incomplete systoles were observed, however, in which 
the remnant of the contractile vacuole remained attached to the excretory 
pore. In the latter situation, the most we can say is that the forces which pro¬ 
duce systole cease to be effective. 

The force utilized in expulsion of liquid from the vacuoles is usually as¬ 
cribed to surface tension, or intracytoplasmic pressure, or both. The theory of 
systole by intracytoplasmic pressure has been attacked at various times. The 
chief objection has been that in forms with more than one vacuole, systoles of 
the vacuoles are not synchronous, although the intracytoplasmic pressure is 
presiqnably the same around all the vacuoles. This objection is not valid in the 
Ophryoscolecidae and probably not in other forms, since the pore of one vac¬ 
uole may be open while the pores of the other vacuoles are securely plugged 
by the gelated protoplasmic membrane. The forces of surface tension and of 
intracytoplasmic pressure are held in check except during systole by the clos¬ 
ing membrane. 

Diastole .—The diastole of the contractile vacuole is usually considered to 
involve first an accumulation of osmotically active materials, soluble crystal¬ 
loid materials, according to Dixon (1920), or katabolic products, according to 
Taylor (1923), followed by a migration of water to this region. Nassonow 
(1924) put forth the hypothesis that the osmiophilic region around the vac- 
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nolos of certain ciliates is responsible for tbe accumulation of this osmotieally 
active material. He homoloifizes the action of this osmiophilic material with 
that of the Golgi material of secretory cells. Bojewa-Petruschewskaja (1928) 
showed that the osmiophilic layer around the vacuole of Balantidium is dem* 
onstrable only during diastole. 

Diastole in all genera of the Ophryoscolecidae is in two parts—^first the for¬ 
mation and fusion of the accessory vacuoles, next the slow growth of the vac¬ 
uole to full size in which no more accessory vacuoles fuse with the main vesi¬ 
cle. The cytoplasm immediately around the accessory vacuoles becomes more 
and more viscous during the fusion process and by the time the second stage 
of diastole appears it is completely gelated. The osmiophilic grannies appear 
in greatest number in this first period of diastole and then rapidly diminish in 
number in the second period. 

The two parts of diastole demonstrated morphologically in the contractile 
vacuoles of the Ophryoscolecidae correspond to the two parts of diastole as 
postulated by present theories of vacuolar action. The early formation of ac¬ 
cessory vacuoles and the accumulation of osmiophilic granules represent the 
localization of osmotieally active materials, the passive growth of the vacuole, 
and the loss of osmiophilic granules in late diastole corresponding to the ac¬ 
cumulation of water brought about by the osmotieally active materials. 


STRUCTUEE OP THE ECTOPLASM 

The ectoplasm is composed of a clear, optically homogeneous matrix in 
which many small granules are imbedded. Most of the ectoplasm in the genera 
observed is normally in a sol state at all times, but the ectoplasm which lies 
near the contractile vacuoles undergoes periodic sol-gel changes. Prom direct 
observation the gel appears to be of the same consistency throughout, but the 
observed movement of granules during systole cannot be explained on this 
basis. There is a distinct flow of grannies into the vacuolar region of Eudiplo- 
dinium as the vacuole contracts, and these granules are of one type only, the 
osmiophilic granules which cannot be stained vitally with neutral red. The 
granules come from the surrounding gelated ectoplasm in which they are 
intermingled with the granules staining with neutral red. Thus the non-stain- 
able granules migrate into the vacuolar region while neutral red granules 
lying next to them remain fixed. A similar differentiation of movemmits be¬ 
tween the two types of granules is found in Ostracodinium and Polyplastron. 
The movements of small accewory vacuoles in these latter genera are similar 
to the movements of the granules. Some of the accessory vacuoles migrate to¬ 
ward the accessory canal shortly after systole while adja^t vacuoles show 
no movement at all. 
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These observed differences in the movements of adjacent granules or of ad- 
jacent accessory vacuoles may be expluned as resulting from the presence of a 
coarse, viscous reticulum in which are imbedded the granules of the vacuome 
fliKl some of the accessory vacuoles, the interstices between the meshwork be¬ 
ing filled with fluid of relatively low viscosity which contains part or aU ot the 
granules that do not react to neutral red and also some of the accessory vac¬ 
uoles. Thus the non-stainable granules are free to move along with the fluid 
matrix while the neutral red granules are held by the viscous reticulum. This 
meshwork is relatively coarse and the pores must be at least in diameter 
in order to allow the granules to migrate freely through them. The retieulxun 
is much larger than the postulated brush-heap structure of a gel and is a struc¬ 
ture formed by the gel rather than being the structure of the gel itself. 

A viscous reticulum as described above fits in with the observed vacuolar 
cycles. The ectoplasm around the resting vacuoles of Ostracodinium is appar¬ 
ently a solid gel showing no movements of the granules. Just before systole 
the granules of this region begin to show Brownian movement which is par¬ 
ticularly marked in the osmiophilic granules. This marks the first appear¬ 
ance of the coarse viscous mesh and the less viscous phase containing the os¬ 
miophilic granules. The homogeneous gel around the resting vacuole thus 
changes to a viscous reticulum containing a solated phase in its meshes suffi¬ 
ciently pliable to allow the vacuole to become spherical. As the vacuole con¬ 
tracts, the fluid phase fills the space left by the retreating walls of the con¬ 
tractile vacuole. The granules stainable with neutral red thus remain outside 
the completely solated vacuolar region for a time while the other granules 
migrate in. Shortly after systole is complete, the neutral red granules also 
move into the completely solated vacuolar region, indicating that the gelated 
mesh has also become solated. This interpretation applies also to Polyplas¬ 
tron. The gelated reticulum around the vacuoles of Eudiplodinium is appar¬ 
ently more permanent, since neutral red granules never get into the vacuolar 
region. The movements of the granules indicate its presence throughout sys¬ 
tole and during the first part of diastole. During late diastole and the resting 
stage, lack of Brownian movement of all the granules around the vacuolar 
region indicates that the gel is again homogeneous. 

The presence of a viscous mesh, interstices of which are filled with the fluid 
phase, is thus in accord with the observed vacuolar cycle and is an hypothesis 
which adequately accounts for differences between the observed movements 
of the vacuome granules and the osmiophilic granules. Mast (1926) describes 
small fluid vacuoles in the gelated ectoplasm of Amoeba. The reticulum de¬ 
scribed above is similar to Mast’s concept with the exception that the fluid 
phase is continuous rather than in discrete vacuoles as in Amoeba. 
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IDENTIFICATION OF GOLGI MATERIAL IN CILIATES 

Various criteria have been suggested by different authors to facilitate the 
identification of Golgi material. Hirschler (1927) stressed the importance of 
positive identification of mitochondria in order to eliminate confusion of 
Golgi material with the chondriome. Bowen (1928h) suggested in addition 
that consistent impregnation by both the silver and osmic methods would be 
good proof. He also stressed resistance to bleaching in osmic impregnated 
material as a character of true Golgi material. Hall (1931) used as criteria 
the above staining reactions and in addition stressed the idea that the Golgi 
material is probably quite similar in morphology and distribution in all Pro¬ 
tozoa. He therefore restricts the term Golgi material to those inclusions which 
can be demonstrated consistently by the standard methods and which are 
similar in form and intracytoplasmic distribution in all Protozoa. 

The morphology of the osmiophilic materials in ciliates is still a matter of 
dispute. The great majority of workers in this field describe small granules 
as Golgi material, but a few, led by Nassonow (1924), homologize either the 
wall of the contractile vacuole or a shell around the wall of the contractile 
vacuole (Strelkow, 19316) with Golgi material. 

The workers demonstrating a solid membrane have used the warm impreg¬ 
nation method advocated by Nassonow (1924). Hirschler (1924) showed that 
this warm method tends to produce over-impregnation, and in closely packed 
spherules the osmic precipitate spreads and obscures the true granular nature 
of the region. He advocates a cold method of impregnation to eliminate this 
source of error. Impregnation of the Ophryoscolecidae strikingly bears out 
this view. The heavy black membrane around the vacuole visible in material 
treated by the warm impregnation method (pi. 17, fig. 26) is shown by cold 
impregnation to be granular (pi. 17, fig. 25) and this granular composition 
of the vacuolar region is seen in living material. The figures showing solid im¬ 
pregnation of the vacuolar walls of ChUodon and Dogielella, published by 
Nassonow (1925), of Balantidium by Bojewa-Petruschewskaja (1928), and 
of the Cycloposthiidae by Strelkow (19315) indicate a marked granular 
roughening on the outer margin of the osmiophilic layer, giving evidence that 
these solid black membranes are the result of over-impregnation of an orig¬ 
inally granular zone. The blackened membranes or walls of vacuoles are there¬ 
fore interpreted as being heavy aggregations of osmiophilic granules rather 
than solid structures. The variations in the impregnation of regions around 
the contrabtile Vacuoles in different ciliates may then be explained as repre¬ 
senting a difference in the localization of the formation o*f the contractile 
vacuole. A series extending from practically no aggregation of osmiophilic 
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granules to a very heavy aggregation around the vacuoles has been demon¬ 
strated in the Ophryoscolecidae and has been shown to be correlated with the 
degree of localization of the formation of the contractile vacuoles. The main 
difference between such forms as Spirostomum (Hirsehler, 1924a) and Meta- 
dinium is that in the former genus the osmiophilic granules are scattered more 
or less uniformly throughout the cytoplasm, while in the latter many are con¬ 
centrated around each vacuole. 

Certain granules have been described, however, which are obviously not to 
be considered as homologous with the granules discussed above. Richardson 
and Horning (1931) showed that the pyriform granules described by King 
and Gatenby (1926) in Opalina are not Golgi granules. The macronuclear 
knobs of Stentor described by Park (1929) also must be excluded. 

The criterion of constancy of morphology and distribution in all Protozoa 
is a logical one and appears to be fairly valuable unless it is construed so 
strictly as to rule out any possibility of a cyclical change in morphology or 
in distribution of the granules. Hall applies this criterion very strictly, some¬ 
times selecting the true Golgi material from other blackened material merely 
because of greater frequency of occurrence. Such a demand that Golgi mate¬ 
rial be absolutely constant in distribution and morphology would rule out the 
Golgi material of gland cells which show marked cyclic changes (Bowen, 
19286). Even allowing for cyclic changes, the criterion of constancy of form 
is valuable only in a negative way. The Golgi material usually accepted as 
such in the Protozoa is granular in form. This helps to rule out membranes, 
macronuclear knobs, or parabasal bodies of flagellates, but does not help to 
distinguish true Golgi granules from other cytoplasmic granules. 

Granules which satisfy the criteria of staining reactions but which differ in 
other properties have been demonstrated in various ciliates. Hall (1931) 
showed that the granules vitally stained with neutral red may be subsequently 
impregnated by exposure to osmium tetroxide solution for from 3 to 4 days. 
Pescbkowskaja (1928) showed that the osmiophilic granules of Climacosto- 
mum could be demonstrated vitally with neutral red, but also showed that 
neutral red reveals at the same time many granules which are not osmiophilic. 
In the Ophryoscolecidae, the osmiophilic granules and the granules demon¬ 
strable with neutral red are two entirely separate sets of cytoplasmic inclu¬ 
sions. A puzzling phenomenon found in the Ophryoscolecidae may be included 
here. The only granules in Eudiplodinium which can be impregnated with 
osmic acid are those found in the vacuolar region. It was shown from a study 
of living material that this region is composed of granules from the surround¬ 
ing ectoplasm. Therefore these granules, as they asseipble in the vacuolar re¬ 
gion, undergo some chemical change or, more likely, some physical change 
which permits of their impregnation by the osmic technique. It is evident 
that, in ciliates, Golgi material identified by means of staining reactions in- 
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dudes many granules similar in a general way but differing in various details 
of their staining reactions or in solubility. 

It is somewhat questionable then to homologize granules on the basis of 
their reaction to osmic or silver techniques and it is difScult to homologize 
them with the Qolgi material in the Metazoa. On the basis of the criteria now 
available, however, the osmiophilic granules described in the Ophryoscoled* 
dae are considered to be homologous with the osmiophilic granules described 
as Golgi material in various other ciliates. They are small granules which can 
be sdectively impregnated by means of the silver or osmic techniques and can 
be separated from the other cytoplasmic granules, such as mitochondria and 
glycogen, by appropriate staining methods. The granules are usually found 
throughout the ectoplasm. They also show a cydic aggregation around the 
contractile vacuoles, which is comparable to the changes occurring in the Golgi 
material in gland cells. Since they do not stain with neutral red, they are not 
strictly comparable to the vacuome granules described by Hall (1931) in 
S^^2/^onj/cAta and by Dunihue (1931) m Paramecium. 

The vacuolar region described in the Ophryoscolecidae is strikingly similar 
to the Golgi region of secretory cells. Both regions are specialized parts which 
show marked cyclical changes in connection with the expulsion of material 
from the cell. The cytoplasmic components found in the Ophryoscolecidae 
and their observed activity correspond more nearly to the views on the activ¬ 
ity of Golgi material expressed by Nassonow (1926) and by Bowen (1928a) 
than to the views of Parat (1928). There are three definite types of cytoplas¬ 
mic components in these ciliates, the Golgi granules, the vacuome, and the 
chondriome. The Golgi granules can be identified in several of these ciliates 
when alive, because of the concentration of these granules in the vacuolar re¬ 
gion. The findings agree thus far with those of Nassonow and Bowen. The 
Golgi granules contribute directly to the formation of the accessory vacuoles 
while neither the vacuome nor the chondriome in these ciliates shows any 
relation to the vacuolar cycle. The vacuolar region in these ciliates therefore 
does not conform in this respect with either Bowen’s or Parat’s interpretation 
of the function of the Golgi material. 

The vacuolar region found in these ciliates shows definite evidence of the 
elimination of materials by means of the vacuolar fluid and corresponds to 
the secretory region or “region of Golgi” in gland cells. The nature of the ma¬ 
terials eliminated by the vacuolar region was not determined in this investi¬ 
gation. Since, however, the pellicle in the Ophryoscolecidae has been shown 
to be relatively impermeable and since the vacuolar system is the only demon¬ 
strable path by which materials are constantly being passed to the exterior, it 
is likely that the katabolic wastes of these ciliates are eliminated by this or¬ 
ganelle rather than by direct diffusion through the pelliclhr 
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SUMMARY 

1. The cycle of the contractile vacnoles was studied in both living and fixed 
material in the following genera of the Ophryoscoleeidae: Ophryoscolex, Epi- 
dmium, Ostracodimum, Polyplastron, Eudiplodmium, and Metadmium. 

2. The ectoplasm of these forms is very granular with no alveoli or vacuoles 
except those found in connection with the contractile vacuoles. 

3. There is a permanent excretory pore for each vacuole in this group of 
ciliates. It opens into a canal formed by the pellicle. The inner end of the 
canal is closed by a thin membrane except during systole. The wall of the vac¬ 
uole is a temporary structure. It is never impregnated by either the osmic or 
the silver techniques. 

4. The contractile vacuole in all genera is formed by the coalescence of 
small accessory vacuoles. The accessory vacuoles arise de novo in small so- 
lated portions of the ectoplasm. The contractile vacuoles in Ophryoscolex and 
Epidinium arise in the whole ectoplasm while those of Ostracodinium are re¬ 
stricted in origin to a narrow dorsal strip of the ectoplasm. The accessory vac¬ 
uoles of Eudiplodinium and Metadinium are formed only in a sharply de¬ 
fined granular region around the contractile vacuole. 

5. The vacuolar fluid is mainly derived from excess fluid taken in by the 
cystostome during feeding. The general pellicular covering of the body is rela¬ 
tively impermeable and admits little if any fluid. Excretion by diffusion 
through the pellicle is unlikely. 

6. The cycle of the contractile vacuole in all these genera is in three parts: 
the resting period, systole, and diastole. The resting period is marked by gela¬ 
tion of the surrounding ectoplasm and is a completely static stage. Systole is 
initiated by a solation of the surrounding ectoplasm and rupture of the mem¬ 
brane over the pore. Systole may be complete or only partly complete. Con¬ 
tact of the contractile vacuole with the excretory pore does not initiate sys¬ 
tole. The closure membrane is re-formed from a remnant of the wall of the 
old contractile vacuole. The early part of diastole is marked by the forma¬ 
tion and fusion of accessory vacuoles to form the new contractile vacuole 
which then becomes attached to the excretory pore. The surrounding cyto¬ 
plasm then reverts to the gel state and a period of growth takes place. When 
this ceases, the resting stage commences. 

7. Mitochondria, glycogen granules, granules stainable with neutral red, 
and osmiophilic granules were identified. The osmiophilic granules and the 
granules stainable with neutral red are interpreted as being the Golgi mate¬ 
rial and the vacuome, respectively. 

8. Osmiophilic granules accumulate around the contractile vacuole during 
the early part of diastole and then are gradually reduced in number. This 
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granular vacuolar region can be noted in living material. The formation of 
accessory vacuoles in these granular regions involves a solution of these gran¬ 
ules in the vacuolar fluid. This represents a possible method for the elimina¬ 
tion of katabolic wastes. 

9. Neither the vacuome nor the chondriome show any relation to the pulsa¬ 
tory cycle. 

10. The ectoplasm around the vacuolar region during systole shows evidence 
of the presence of a coarse, viscous reticulum in which are embedded the 
granules of the vacuome and with the interstices flUed with fluid ectoplasm 
in which the osmiophilic granules lie. The osmiophilic granules are thus free 
to move into the vacuolar region, while the viscous reticulum retains the vac¬ 
uome granules. 
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EXPLANATION OF PLATES 


All whole moimte and eeetioiui, tmlees otherwise noted, were fixed in Chainpj’i fluid and 
then impregnated with osmium tetroxide at from 20* to 24* 0 for a period of from 16 to 21 
days, then bleached 48 hours in turpentine. The sections were eut 6 /a thick. All drawings 
were made with the aid of a camera lucida. 


PLATE 15 

Photomicrographs bj Mr. J. E. GuUberg. 

IHg. 1. Spidiiiium caudatum, x 550. Dorsal view of the posterior vacuole in diastole. 

Fig. 2. OphryoBoolex oaudatus, x 900. Cross-section at the level of the posterior circlet of 
vacuoles. Da Fano silver impregnation. 

Fig. 3. Metadihiuin medium, x 650. Parasagittal section of the anterior vacuole. This 
vacuole is near the end of diastole. Compare with pi. 16, fig. 31. 

Fig. 4. Epidiniim caudatum, x 550. Bight lateral view of whole mount. An over-impreg¬ 
nated specimen showing complete blackening of the vacuoles. 

Fig. 5. Ostracodinium mcnolohum, x 550. Left lateral view of whole mount. All five vac¬ 
uoles are in the resting stage and are surrounded by minute accessory vacuoles. Compare 
with pi. 17, fig. 42. 

Fig. 6. Ophryoseolex oaudatus, x550. Frontal section showing a pair of vacuoles in 
diastole. 

Fig. 7. Folyplastron multivesiculatum, x 550. Cross-section at the level of the anterior 
ventral vacuole. 

Fig. 8. Eudiplodinium maggii, x 650. Bight lateral view of whole mount. Both vacuolefc 
are in the early stage of diastole. 


[ 242 ] 




PLATE 16 


Figs. 9-15. Ophryoscolex candain^, x 1500, Fig. 9, beginning of systole, cross-section; 
fig. 10, diastole, longitudinal section; fig. 11, diastole, longitudinal section; fig. 12, dias¬ 
tole, cross-section. Da Fano silver impregnation; fig. 13, diastole, cross section; fig. 14, 
diastole, cross-section. The large glycogen granules with dark centers are shown in addition 
to the osmiophilic granules. Osmic impregnation, stained with Sudan TTI; fig. 15, resting 
stage, longitudinal section. 

Figs. 16-19 Epidinium caudafim, x 1500, whole mounts. The posterior vacuole in dorsal 
view showing in addition to the vacuole the permanent excretory pore and pellicular stria- 
tions. Fig. 16, diastole; fig. 17, late diastole; figs. 18-19, resting stages. 
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PLATE 37 


Figs. 20-“28, 33. Poly plastron muliivesiculatumy x 1630. shown by the dorsal vac¬ 
uoles. Fig. 20, early diastole, frontal section; fig. 21, diastole, sagittal section; fig. 22, dias¬ 
tole, frontal section; figs. 23-24, middle of diastole, longitudinal sections; figs. 25-26, 
diastole, a comparison of the results of impregnation at 20®~24® C (fig. 25) and impregna¬ 
tion at 30®-32® C (fig. 26), frontal sections; fig. 27, late diastole, cross-section; fig. 28, 
late diastole, cross-section; fig. 29, resting stage, sagittal section; fig. 33, late diastole, 
sagittal section. 

Pigs. 30-32. Metadinium mrdwmj x 800. Fig. 30, early diastole, cross-section; fig. 31, 
late diastole, parasagittal-section; fig. 32, late diastole, cross-section. Photomicrographs by 
Mr. J. K. Gullberg. 

Fig. 34. Endiplod'inium mof/yii, x 700. Posterior vacuole in early diastole. Frontal sec¬ 
tion. (Vnnpare with pi. 17, fig. 44. 

Fig. 35. Ostracodinnim monolohum, x 800. Anterior vacuoles in diastole, frontal section. 

Fig, 36. Endiplodinium maggii, x 250. Anterior vacuole in the resting stage, the posterior 
vacuole in earl;\ diastole, whole mount. Compare nith pi. 17, fig. 47. 


[ 246 ] 






PLATE 18 


Figs. 37-38, 40-43. Ostracodinium monolohim, x 600. Fig. 37, early diastole, frontal sec¬ 
tion; fig. 38, diastole, frontal section; fig. 40, late diastole, whole mount; fig. 41, diastole, 
sagittal section; fig. 42, resting stage, whole mount; fig. 43, late diastole, frontal section. 

Fig. 39. Epidmium candatumiy x 1500. Anterior vacuole in resting stage, cross-section. 

Figs. 44-49. Eudtplodifitum maggiiy x 1500. Fig. 44, posterior vacuole in diastole, frontal 
section; fig. 45, late diastole, frontal section; fig. 46, resting stage, frontal section; fig. 47, 
posterior vacuole at the beginning of systole; fig. 48, diastole, whole mount; fig. 49, late 
diastole, whole mount. 
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THE PULSATORY CYCLE OF THE CONTRACTILE 
VACUOLES IN THE OPHRYOSCOLECIUAE, 
CILIATES FROM THE STOMACH 
OF CATTLE 

BY 

EONALD P. MacLENNAN 


INTRODUCTION 

The contractile vacuoles of the Protozoa are both obvious and active or¬ 
ganelles and have long been the objects of considerable study. In spite of this, 
the contractile vacuoles of the Ophryoscolecidae have attracted far less atten¬ 
tion than any other of the organelles of this large group of ciliates. The vac¬ 
uoles of the Ophryoscolecidae are large, have a relatively slow pulsatory cycle, 
are fixed in location, and are covered with a relatively smooth and transparent 
pellicle. They thus afford highly favorable material for observations on both 
living and fixed material and also give an opportunity to compare conditions 
in a number of highly diversified but closely related genera. 

The purpose of this paper is to give an account of the pulsatory cycle of the 
contractile vacuoles in the Ophryoscolecidae with particular emphasis on the 
following points which are of interest in connection with the problem of con¬ 
tractile vacuoles in general: (1) formation, growth, and discharge of the 
vacuoles; (2) the sol-gel phenomena exhibited by the cytoplasm during the 
pulsatory cycle; (3) the excretory pore and the mechanism of its action; 
(4) the relationship between the vacuole and the various components of the 
cytoplasm. 

I wish to express my appreciation of the very helpful advice and criticism 
given to me by Professor C. A. Eofoid and Professor Harold Kirby, Jr., 
during the course of this investigation. 

MATERIAL AND METHODS 

The Ophryoscolecidae, together with numerous holotrich ciliates, are found 
in the first, second, and third stomachs of ruminants. They are found in great¬ 
est abundance and!in best condition in the second stomach (reticulum). The 
ciliates used in this investigation include one or more species of each of the 
following genera: Epidinium, Eudiplodinium, Metadinium, OphryoscoUx, 
Oitracodiniutn, and Polyplastron. All genera except Ophryoseolex were 
found in both cattle and sheep; OphryoscoUx was found only in sheep. 
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The material from the second stomach was obtained from cattle and sheep 
slaughtered in Oakland, California. The contents were removed on the killing 
floor and brought to the laboratory in tightly corked Dewar flasks. The ciliates 
remain alive twenty-four hours or longer in material kept in this manner. 
Preparations sealed with vaseline were studied under a microscope fitted with 
a warm stage. The activity of the ciliates was controlled by adjusting the tem¬ 
perature of the warm stage. 

Comparison of fresh material and material from ten to twelve hours old 
showed that the ciliates kept in a Dewar flask for more than twelve hours 
exhibit the beginnings of degeneration of the cytoplasm, the most obvious 
mark being a general, irregular vacuolization of the ectoplasm. In order to 
eliminate any artifacts from this source, no material was studied later than 
six hours after taking it from the host, and no slides of live ciliates were stud¬ 
ied later than one hour after they were prepared. In addition, only those 
ciliates which showed normal action of the membranelle zones were used. 

Standard staining methods were followed as closely as possible in order to 
give results which might be compared with those of the majority of other 
workers. 

Janus green B, Bismarck brown, neutral red, and neutral violet were used 
to demonstrate mitochrondria and the vacuome in live material by the film 
method described by Hall (1929). These stains used in one-tenth to one-half 
per cent solution in the stomach contents are specific for the cytoplasmic gran¬ 
ules and are not toxic to the ciliates. 

In order to test the reaction to osmic vapor of the granules staining 
with neutral red (“vacuome” according to Hall, 1931), coverslip prepara¬ 
tions of live ciliates were inverted over a depression slide containing 2 per 
cent osmium tetroxide solution and sealed in place with vaseline. Camera 
lucida sketches of the arrangement of granules in a restricted region of cyto¬ 
plasm were made before the neutral red faded out. At frequent intervals 
over a period of seven days the preparations were compared with the original 
sketches. The granules stained with neutral red were never selectively im¬ 
pregnated by the osmic treatment, but were darkened along with the general 
cytoplasm. Occasionally granules which had not been stained with neutral 
red showed a slight darkening after two or three days. We conclude that 
these granules which may be stained with neutral red are not osmiophilic, and 
are not identical with the osmiophilic granules. 

Both osmic and silver impregnations were made according to the methods 
recommended by Bowen (1928a) for the demonstration of Golgi material. 
The silyer impregnations were made at room temperature (21‘’ G.), while the 
osmic impregnations were made both at room temperatp^e and at 32** 0. The 
cold method is far more satisfactory than the warm method. Successful im¬ 
pregnations showed blackened granules in 95 per cent of the ciliates. Some of 
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the oiliates impregnated in osmium tetrozJde were stained by Altmann’s ani- 
line-fuchsin-picric acid method in order to demonstrate mitochondria along 
with the osmiophilic granules. 

The different species were segregated by means of a fine pipette, imbedded 
in paraffin stained with Sudan III, and sectioned at two, five, or seven mi¬ 
crons. 

Small granules in the ectoplasm of all the species investigated and the small 
prisms of the skeletal plates were found to be stained with Sudan III. Gran¬ 
ules similar in size and distribution were stained brown by chlor-zinc-iodide, 
which is used as a test for glycogen. Several sections stained with Sudan III 
were drawn with the aid of a camera lucida and then restained with chlor- 
zinc-iodide. Comparison with the camera lucida sketches showed that the red 
granules and prisms are stained brown. It seems, therefore, that the above 
method of using Sudan III reveals glycogen granules. 


GENERAL DESCRIPTION OP THE CYTOPLASM 

The boundary layer, a thin, hyaline membrane, divides the cytoplasm of 
the Ophryoscolecidae into ectoplasm and endoplasm. This layer, which is 0.2/a 
or less in thickness, appears homogeneous in both living and fixed material. 
A fibrillar structure in the membrane has been described by Eberlein (1895) 
and more recently by Rees (1931). Sharp (1914) pointed out that the pres¬ 
ence of fibrils pressed close to the boundary layer probably led to this inter¬ 
pretation. This criticism is particularly applicable to the genus Metadimum 
which Rees investigated (his Diplodinium medium). All our observations 
bear out the homogeneity of the boundary layer. The cytoplasm is composed 
of a clear matrix in which are imbedded innumerable spherical granules, 
from 0.2 to 0.5/i in diameter. 

The only movement present in the ectoplasm is Brownian movement of the 
granules and weak localized currents in connection with the contraction of 
the vacuoles. In the endoplasm, in addition to pronounced Brownian move¬ 
ment of the granules there is cyclosis. Both parts of the cytoplasm are in the 
sol state, with the endoplasm much less viscous than the ectoplasm. Localized 
areas of gelation, which occur at times in the ectoplasm near the contractile 
vacuoles, will be described in detail in the parts dealing with the vacuolar 
cycles. No gelation was observed in the endoplasm of normal individuals. 

Cytoplasmic granules may be either in direct contact with the matrix, or 
separated from it by a watery fluid. It was asserted by Taylor (1923) that the 
granules of Euplotes patella lie in a clear, watery vacuole surrounded by an 
envelope of relatively viscous cytoplasm. In some specimens, he could see this 
minute vacuole, in others he inferred it from the evident restriction of the 
Brownian movement of the granules. Mast (1926) reported a similar condi- 
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tion in the gelated portions of Amoeha protevs. He based his conclusions on 
observations of the narrow amplitude of the Brownian movement and on the 
retention bj the granules of a fixed position in relation to each other. The 
Brownian movement of granules in the ciliates from cattle was studied care¬ 
fully on this point. No watery vacuoles could be discerned around the gran¬ 
ules, and they were continually changing position and tumbling around one 
another. In the gelated regions, no Brownian movement could be observed. 
Therefore the granules lie in direct contact with the clear, homogeneous mat¬ 
rix of the cytoplasm and not in small, watery vacuoles. 


IDENTIFICATION OF CYTOPLASMIC GRANULES 

The granules of the ectoplasm were studied carefully in order to identify 
those showing relationship to the contractile vacuoles. The only criteria for 
distinguishing different types of granules in the Ophryoscolecidae are the 
staining reactions, since the granules are usually indistinguishable in form 
or size. 

Mitochondria .—^Mitochondria were identified in living material by stain¬ 
ing with Janas green B, and in fixed material by the Champy-Kull method 
or by staining with acid fuchsin and picric acid after osmic impregnation. The 
mitochondria are exceedingly numerous small granules uniformly distrib-, 
uted through the ectoplasm. They usually appear to be the smallest of the 
ectoplasmic granules, their order of magnitude being about 0.2ii. 

Glycogen .—Glycogen granules occur abundantly in well fed Ophryoscole- 
cidae. Iodine reagents (sulphuric acid followed by iodine; chlor-zinc-iodide; 
Lugol’s solution) are useful for demonstrating glycogen granules tempo¬ 
rarily, but are unsuitable for fine c 3 d;ological preparations. Sudan III, used 
in the manner described above, does not interfere with the study of any cyto- 
logical details and is therefore most useful in attempts to correlate the distri¬ 
bution of glycogen granules with that of other C3rtoplasmic inclusions. 

The scattered glycogen granules are usually in the form of small spheres 
about 0.5/t in diameter. In chlor-zinc-iodide preparations they appear as 
homogeneous dark brown bodies with a rather irregular surface, but in sec¬ 
tions stained with Sudan III, each granule appears as a smooth pink sphere 
with a brilliant red granule in the center. Occasionally the glycogen granules 
of Ophryoscolex appear as stout rods up to l/n in length. 

Glycogen is particularly abundant in the skeletal plates (fig. A, i), in the 
postero-ventral region of the body, and in the operculum. Since vacuome, 
chondriome, or Golgi material is often described in close connection with such 
reserves of food, a similar relationship was looked for }n these ciliates. The 
glycogen granules, however, showed no close spatial relationship to the other 
cell inclusions (pi. 15, fig. 14). 
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Vacuome .—^Neutral red stains specifically small spherical inclusions in 
many types of animal cells. The sum total of these inclusions has recently 
come to be known as the vacuome (Parat, 1928). Neutral red used on living 
Ophryoscolecidae consistently stains numerous granules ranging in size from 



Fig, A. 1, S, 4 , Epidinitm caudatum, x 500, i, stained with chlor-zinc-iodide to show dis¬ 
tribution of glycogen; $, stained vitally with neutral red to show distribution of vacuome; 
4f impregnated vrith osmium tetroxide to show distribution of osmiophilic granules; semi- 
diagrammatic. * 

Sf Metadinium medium, x 250, unstained live specimen, semidiagrammatic. 

0.2 to O.Sja. They are particularly numerous in the ectoplasm which forms the 
operculum, in that of the postero-ventral region, and in a narrow region just 
posterior to the membranelle zones (fig. A, S). These regions appear as solid 
rod bands under low magnification, but under high magnification it is clearly 
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seen that this appearance is caused by the staining of many of the granules, 
some of the granules and the cytoplasmic matrix remaining colorless. A small 
number of granules which stain with neutral red are scattered uniformly 
through the rest of the ectoplasm. A few of them usually adhere to the outer 
surface of the vacuolar membranes, but there is very definitely no concentra¬ 
tion of the granules near these structures. The granules described above cor¬ 
respond in position, size, and reaction to neutral red to the vacuome described 
by Joyet-Lavergne (1926) and Hall (1931) in various Protozoa. 

OsmiophUic granules .—Osmic and silver impregnation of the Ophryoscole- 
cidae reveals a large number of granules specifically blackened. These gran¬ 
ules are all less than 0.5/x in diameter, the largest ones occurring in Eudiplo- 
dinium, the smallest in Polyplastron. The granules are distributed generally 
throughout the ectoplasm (except perhaps in Eudiplodinium) and at certain 
times are very heavily concentrated around the contractile vacuoles (fig. A, 
4), sometimes giving the appearance of a heavy, thick, osmiophilic wall 
around the vacuole. 

In the Ophryoscolecidae, the granules stained with neutral red are not 
blackened by osmic treatment, as pointed out in the discussion on technique; 
also the neutral red granules (fig. A, 3) are never concentrated around the 
vacuoles as are the osmiophilic granules (fig. A, ^). These observations show 
unmistakably that, in the Ophryoscolecidae, the neutral red granules and the 
granules demonstrated by osmic or silver techniques for Qolgi materials are 
not identical; therefore the findings reported by Joyet-Lavergne (1926) and 
by Hall (1929-1931) are not applicable to all Protozoa. 

The question of homologizing these osmiophilic granules with Golgi mate¬ 
rials described in other Protozoa and in the Metazoa will be treated fully in 
the latter part of this paper. For the present, the noncommittal descriptive 
phrase “osmiophilic granules” will be used to designate them. 


Obseevations on the Vacuolab CvciiB 

The vacuolar cycles found in Epidinium and Eudiplodinium are described 
in detail, since they show two widely differing types of contractile vacuoles. 
The cycles found in Ophryoscolex, Ostracodinium, Polyplastron, and Meta- 
dinium are described chiefiy in respect to the differences brought out by com¬ 
parison with Epidinium and Eudiplodinium. 
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Fig. B. 1, Polyplastron mvlUvesieulatum, x 500; t, Ophryoscolex eaudatns, 
X 500f semidiagrammatic. 


CONTRACTILE VACUOLES OP EPIDINIUM 

Epidimum caudatum (Fiorentini, 1889) was the commonest species in the 
material studied. Epidinium ecaudatum (Fiorentini, 1889), E. bicaudatum 
(Sharp, 1914), and E. tricaudatum (Sharp, 1914) were less common, but suf¬ 
ficient material was available to determine that the vacuolar cycle in these 
species is identical with that in E. caudatum. 

Two vacuoles are present in Epidinium (fig. A, 5). They lie along the dor¬ 
sal mid-line, the anterior vacuole lying just behind the dorsal membranelle 
zone and the posterior vacuole near the level of the posterior end of the macro- 
nucleus. The anterior vacuole is slightly to the right of the posterior vacuole, 
due to the twisting of the body (Sharp, 1914). 

The pore of each vacuole (fig. C, 7) is a circular opening in the pellicle, 
from 1 to 2/t4 in diameter. From it a short tube, the excietory canal, extends 
inward for a distance of from 2 to 4/i. The wall of the canal is formed by a 
continuation of the pellicle which covers the body of the ciliate. A thin mem¬ 
brane is stretched over the inner end of the excretory canal, closing it during 
diastole. 
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The fully expanded vacuole (fig. C, 1, 7) is a simple lentoid vesicle flat¬ 
tened dorso-ventrally. The inner surface of the vacuole is convex, while the 
outer surface is slightly concave where the vacuole is pressed against the stiff 
excretory canal. In ten specimens the antcro-posterior diameter ranged from 
12 to 22/i, the dorso-ventral diameter from 8 to 13/a. The anterior vacuole in 
most specimens is from 2 to 4/a larger in both dimensions than the posterior 



1 2 3 



4 S 6 



7 8 9 


Fig. C. Epidinium eaudatum. Contractile vacnoles dnring the pulsatory cycle drawn 
from live specimens stained vitally with neutral red. Granules stained vitally with neutral 
red are arbitrarily drawn l^ger than the non<staining grannies. Semidiagrammatie, X1000. 
I-d, dorsal view of anterior contractile vacuole; 7-9, lateral view of anterior contractile 
vacuole in optical section. 1, resting stage; B, late resting stage; S, systole; 4, late systole; 
5, diastole; 6, end of diastole; 7, resthig stage; 8, vacuole rounded just before systole; 
9, systole. 

vacuole. There are also many small accessory vacuoles around the main vac¬ 
uole at this time. The vacuole in this stage may remain unchanged for a con¬ 
siderable period, which may be referred to as the resting stage. 

% 

Cycle .—The lentoid vesicle described above is surrounded by a region blow¬ 
ing little, if any. Brownian movement, indicating a gel state. The first sign of 
activity is an increase of movement in the surrounding granules, accompanied 
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by a rounding of the vacuole to a spherical shape (fig. C, 8) slightly indented 
at one pole where it presses against the canal. This preliminary stage lasts 
about ten seconds. The vacuole then undergoes a sudden convulsion in adjust¬ 
ing itself completely on the canal. This is evidently the result of a further 
solation of the surrounding ectoplasm. The membrane sealing the pore rup¬ 
tures at the same time and systole occurs immediately (fig. C, 4, 8), lasting 
from 1.2 to 11.1 seconds and usually taking about 4 seconds. The excretory 
canal is again sealed by a membrane which is formed from the remnants of 
the wall of the old vacuole. Systole is usually complete, but from time to time 
incomplete systole in all gradations was observed. Several successive incom¬ 
plete systoles were observed in three specimens. In these systoles the small 
remaining vacuole drew away from the canal and the wall of the vacuole was 
pulled out in a long string which finally broke. The part attached to the canal 
forms the closing membrane. The vacuole occasionally becomes spherical, the 
cytoplasm changing from gel to sol, without starting systole. The cytoplasm 
then gradually reverts to a gel state. If the sudden, final solation occurs, 
systole invariably follows. 

The cytoplasm around the vacuole streams in during systole (fig. C, 3, 4) 
carrying along the small accessory vacuoles. These vacuoles, along with any 
remnant of the old vacuole, then fuse to form the new vacuole (fig. C, 5). This 
quickly comes in contact with the inner end of the canal, becomes attached to 
it, and remains there for the rest of the vacuolar cycle. The cytoplasm is in a 
sol state from the rounding up of the vacuole at the end of the resting stage 
to this early fusion of accessory vacuoles at the beginning of diastole. After 
this fusion of the accessory vacuoles the cytoplasm around the contractile 
vacuole reverts to a gel state which is marked by a slowing up and final cessa¬ 
tion of Brownian movement and a marked irregularity in the outline of the 
vacuolar wall. This process of fusion continues for some time while the main 
vacuole grows to nearly full size. This early period of diastole occupies about 
one minute from the time of completion of systole, and in this time nearly all 
the accessory vacuoles become incorporated in the main vacuole (fig. C, 6). 
Th^ vacuole then increases in diameter without the addition of any more ac¬ 
cessory vacuoles. The growth of the main vacuole gradually ceases and a new 
ring of accessory vacuoles appears around it. This ring corresponds to the Vj 
group in Euplotes (Taylor, 1923) and is composed of vesicles Which form the 
next contractile vacuole. The vacuole may remain quiescent in this state for 
some time, the usual period being about five minutes. 

The time occupied by a single vacuolar cycle varied in the specimens ob¬ 
served by the writer from one minute to over an houir. The period of the early 
stage of diastole, the formation of the vacuole by fusion of the smaller vesi¬ 
cles, is constant, but the second stage, the growth without fusion of accessory 
vesicles, may be ended at any time by systole. 
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The small accessory vacuoles originate in all parts of the ectoplasm on the 
dorsal side of the ciUate. They first appear as minute vacuoles, about one mi¬ 
cron in diameter, each with one or two colorless granules and occasionally one 
or two granules stainable with neutral red adhering to the surface. These 
small vacuoles migrate slowly toward the region of the main vacuole and at 
the same time fuse with the small vacuoles. No ectoplasmic currents could be 
observed which could account for this migration, the vacuoles appearing to 
force their way among the relatively motionless granules of the cytoplasm. 

Relationship to ostniophUic granules .—^The main vacuole in the quiescent 
phase of late diastole (pi. 16, fig. 19) appears in impregnated material as a 
clear vesicle limited by the yellowish orange wall and cytoplasm. A few black¬ 
ened granules adhere to the vacuolar wall and others are scattered through 
the ectoplasm. The small accessory vacuoles surrounding the main vacuole 
are completely blackened by a swarm of osmiophilic granules. These granules 
are often so closely spaced that the accessory vacuoles appear to have homo¬ 
geneous black walls with a rough, granular, outer surface. 

No stages which could be interpreted as systole were found. Since systole is 
so short, this is rather to be expected. 

The vacuole in early diastole (pi. 15, fig. 1; pi. 16, fig. 16), is a small vesicle 
with many black granules covering its surface and small black accessory 
vacuoles near it or in various stages of fusion with it. The number of osmio¬ 
philic granules adhering to the wall gradually dimini^es in the larger vac¬ 
uoles (pi. 16, fig. 17) until a stage is reached in which the vacuole is clear ex¬ 
cept for a few granules on its surface (pi. 16, fig. 18) and with very few 
accessory vacuoles grouped around it. This corresponds to the appearance of 
the living vacuole at the end of the first growth period. From then on, the 
main vacuole is surrounded by more and more small blackened vacuoles of the 
Yg group. The blackened granules, as shown both in whole mounts and in sec¬ 
tions (pi. 18, fig. 39) are always outside the vacuole, never inside. The mem¬ 
brane itself is not impregnated, the appearance of impregnation being caused 
by the dose packing of granules on the surface. 

The smallest accessory vacuoles observed had only one or two osmiophilic 
granules adhering to their surfaces. More granules are found around slightly 
larger vacuoles, until finally, in the accessory vacuoles near the main veside, 
it is difficult to see the dear vesicle in the middle of the aggregation of gran¬ 
ules. This accumulation of osmiophilic granules around the accessory vac¬ 
uoles and around the main vacuole during diastole indicates that these gran¬ 
ules are probably dosely connected with the concentration of materials within 
the vacuole. 
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CoNTiucTiiiE Vacuoles of EuDiPLODimuif MAOon 

Two large contractile vacuoles lie beneath the right dorsal surface of Eudi- 
plodinium maggii (pi. 15, fig. 8). The outer exretory pore of each vacuole 
is an ellipsoid from 3 to S/i long and from 2 to 5fi wide, with its long axis lying 
parallel to the main axis of the body. These pores open on the right dorsal 
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i'ig. D. Budiplodinivm maggii, x 1000. Anterior contractile vacuole during the pulsa¬ 
tory cycle from a specimen stained vitally with neutral red. Granules staining with neutral 
red are arbitrarily drawn larger than the non-staining granules. Semidiagrammatic. 1-e, 
lateral view in opticiJ section; 7-9, dorsal view in optical section. 1, end of systole; tS, 
first stage of diastole; second stage of diastole; 6, vacuole rounded just before systole; 
7, end of systole; 8, end of first stage of diastole; 9, vacuole rounded just prior to systole. 

surface instead of along the dorsal mid-line as in most of the other genera. The 
excretory canal (fig. D, 7-9) extends inward from the pore for the consider¬ 
able distance of from 10 to 15/t and tapers rapidly, so that the inner pore is 
only from 2 to 4fi in diameter. This canal is formed by an extension of the pel- 
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lide, as in other genera. The pellicle ooTering the whole body has two distinct 
layers (pi. 18, figs. 44-46), an inner striated layer (from 1 to 2/t in thickness) 
and an outer clear layer (less than 0.5/t in thickness). Only the outer layer is 
continued inward to form the canal, which pierces the striated layer. 

The resting vacuole is a large, clear vesicle (pi. 18, fig. 46), slightly elon¬ 
gated along the antero-posterior axis. The length of ten different resting 
vacuoles ranged from 20 to 30ju, the dorso-ventral diameter from 15 to 22ft. 
There is no specialized region of cytoplasm around the vacuole at this stage, 
nor are there any accessory vacuoles in the general ectoplasm. The granules 
near the vacuolar membrane show only a small amount of Brownian move¬ 
ment. 

Cycle .—In preparation for systole the resting vacuole rounds up for a 
period of from 5 to 8 seconds (fig. D, 6,9), following a preliminary lowering 
of the viscosity of the cjrtoplasm immediately surrounding the vacuole. Then 
a further solution takes place, the vacuole completes the rounding up process 
in a sudden convulsion, and systole immediately follows. Systole takes from 
2.1 to 10 seconds and is usually complete, the remnants of the vacuolar wall 
forming the membrane closing the inner excretory pore. In some specimens 
systole was arrested after varying amounts of fluid had been expelled. When 
only a small vacuole was left (fig. D, 7) this was pulled away from the pore, 
apparently by the strong currents in the ectoplasm of the vacuolar region. 
The vacuolar wall was pulled out in a narrow thread which finally broke, one 
end was resorbed into the wall of the freed vacuole, the other end formed a 
smooth membrane across the inner pore. In a very short systole only a small 
amount of fluid Is expelled, and the closing membrane is apparently formed 
by a slight constriction of the vacuolar wall just below the inner pore. 

The ectoplasmic matrix carrying with it a host of small non-stainable gran¬ 
ules rushes in during systole (fig. D, 1 ) behind the retreating wall of the vac¬ 
uole. The granules stainable with neutral red remain stationary. The general 
ectoplasmic mass around the vacuole fills in a part of the space formerly oc¬ 
cupied by the resting vacuole. Thus at the end of systole there is a definite 
region beneath the excretory canal somewhat smaller than the resting vacuole 
and containing a large number of granules which do not stain with neutral 
red, in violent Brownian movement and also tumbling around as if there were 
strong but exceedingly localized currents in the clear matrix. The general 
ectopUunn containing both clear non-staining granules and granules stained 
with neutral red surrounds this region, and the granules in this region show 
very little Brownian movement as compared to their movement in the vacuo¬ 
lar region. A very narrow, almost invisible, hyaline layer separates the two 
regions. ' 

Accessory vacuoles arise in this specialized region even while it is fmniing 
and before the old vacuole is completely discharged. These vacuoles tend to 
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arise along the anterior border and often outline it clearly. Accessory vacuoles 
forming in the middle float around freely and often touch, but show no ten¬ 
dency to fuse until after systole is complete. They then fuse (flg. D, 2) form¬ 
ing a single, large vacuole almost completely filling the anterior portion of the 
vacuolar region. More vacuoles form in the remainder of the granular area 
(fig. D, 5) and fuse with the first vacuole. This formation of accessory vac¬ 
uoles and subsequent fusion ceases when only a narrow band of granular 
material remains around the clear vacuole (fig. D, 4,8) and brings to an end 
the first growth period in from thirty seconds to two minutes after the com¬ 
pletion of systole. 

Extreme solation of the material within this vacuolar region marked it at 
the beginning and this continues until after the accessory vacuoles begin to 
tuse. The Brownian movement and turbulence of the ectoplasm of the vacuolar 
region then gradually diminishes until at the end of the first growth period 
the wall of the vacuole is sufliciently gelated to retain traces of the accessory 
vacuoles in the roughened outline of its walls (fig. T>, 4). Outside of this re¬ 
gion, however, the consistency of the cytoplasm, as indicated by Brownian 
movement, shows no such wide fluctuations. 

This vacuole with roughened walls continues to enlarge in all directions but 
without the formation of any accessory vacuoles (fig. D, 5). The granular zone 
gradually becomes thinner, and the outline of the vacuole becomes smoother 
until the elongate resting vacuole with no specialized granular region around 
it is formed anew. This second growth period lasts from one to two minutes. 
The resting stage lasts from fifteen seconds to an indefinite length of time. 

The formation of the accessory vacuoles in Eudiplodinium maggii is re¬ 
markable in that it is strictly limited to a short period during systole and to 
the first growth stage and also is limited in locality to this small, specialized 
vacuolar region. No accessory vacuoles are formed at any other time or place. 
Occasionally small vacuoles do appear in the surrounding cytoplasm in indi- 
Auduals from material kept too long, but no such vesicles formed outside of the 
vacuolar region were ever observed to contribute to the contractile vacuole in 
any way. One such vesicle lying adjacent to the anterior vacuole was observed 
to be unchanged throughout seven consecutive cycles of this vacuole. 

The formation of an accessory vacuole is first marked bj a gradual diminu¬ 
tion of granules in a restricted region and increase of movement in the re¬ 
maining granules. This lasts from five to ten seconds during which time the 
granules completely disappear. Then very suddenly a differentiation is ob¬ 
servable between the clear central region and the surrounding granular re¬ 
gion, and a small accessory vacuole, bounded by a distinct protoplasmic wall, 
becomes apparent. 

Relationship to ostniopkiUe grannies. —The resting vacuole in individuals 
impregnated with osmic acid is a large, clear vesicle surrounded by golden 
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yellow cytoplasm (pi. 18, fig. 46). Few granules occur either in connection 
with the vacuole or in the general ectoplasm. The next stage found in fixed 
material was that just at the completion of systole (pi. 17, fig. 36; pi. 18, fig. 
47). The vacuole in this stage is a small vesicle completely filled with thickly 
packed, heavily blackened granules. A clear central vacuole bounded by a 
gray reticulum then appears (pi. 15, fig. 8; pi. 17, fig. 34; pi. 18, figs. 44,48), 
usually in the anterior portion of the granular mass, and in other later stages 
more clear vacuoles appear (pi. 18, fig. 49). This vacuolization of a dense, 
granular osmiophilic region corresponds exactly to the vacuolization of the 
granular vacuolar region observed in living material. 

The absolutely sharp demarkation of locality of granules in E. tnaggii 
furnishes fiurther evidence that the granules stainable with neutral red are 
entirely different from the osmiophilic granules and that the two types of 
granules perform two entirely different fimctions. The osmiophilic granules 
are found only within the vacuolar region, while the granules stainable with 
neutral red are concentrated outside of it and very few, if any, are found 
within the vacuolar region. 

Kraschenninikow (1929) has previously described the results of osmic im¬ 
pregnation in E. maggii. He described both the black granules and the gray 
reticulum. He claims that the vacuolar membrane itself was impregnated, the 
granular appearance being caused by unevenness in the membrane. The black 
granular portion and the gray reticulum were homologized with the intensely 
osmiophilic “apparat externum” and the less intensely osmiophilic “apparat 
internum” respectively, described by Hirschler (1927) in the Golgi apparatus 
of various metazoan and protozoan cells. The presence of black granules and a 
gray reticulum was confirmed in the present investigation, but no evidence 
was found to support Eraschenninikow’s statement that the osmiophilic gran¬ 
ules are a part of the vacuolar membrane. 

Origin of accessory vacuoles .—The formation of accessory vacuoles in E. 
maggii apparently occurs by the solution of the osmiophilic granules, first in 
localized regions and finally involving all of them. Sections of impregnated 
vacuoles in early stage of diastole with accessory vacuoles forming is very sug¬ 
gestive in regard to the role of the osmiophilic granules in the formation of 
accessory vacuoles. These granules are massed in a heavy band around a cen¬ 
tral cavity (pi. 18, fig. 44). Close examination shows that they are suspended 
in a fine reticulum, which was turned a dark gray by the action of the osmium 
tetroxide. This gray reticulum also fills the spaces between small clear vesi¬ 
cles within the granular band. Later stages show a large clear vesicle, evident¬ 
ly formed from a fusion of the smaller, clear vesicles (pi. 18, fig. 45) and by 
the reductibn and finally the disappearance of the granular band. 

The evidence for the solution of the osmiophilic granules is much more con¬ 
vincing if certain phenomena observed in living material are considered along 
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with the evidence from fixed material. In systole the migration of a large 
number of granules into the vacuolar region is easily observed, but in diastole 
no movement outward could be observed, although the granules luimistakably 
disappear and are replaced by the clear, watery, vacuolar fluid. The direct 
observation of the solution of granules does not seem to be feasible owing to 
their large number and incessant activity which make it impossible to follow 
continuously any one granule or set of granules. The observation nearest to 
direct proof of solution is that, just prior to the formation of any particularly 
accessory vacuole, the number of granules in that region is greatly reduced 
and they disappear completely as the accessory vacuole is finally formed. 
Therefore, from a consideration of both living and fixed material, the conclu¬ 
sion that the granules dissolve in the vacuolar fluid seems unavoidable. 


CONTBACTILE VaCUOLES OP OPHBYOSCOLEX CaTJDATUS 

Ophryoscolex caudatus Eberlein 1895 (fig. B, 2) possesses nine contractile 
vacuoles arranged in four longitudinal pairs around the middle portion of the 
body, with the ninth vacuole in the portion just ventral to the skeletal plate. 
Each vacuole opens to the surface by a short, cylindrical excretory canal from 
2 to 4/* in length and from 1 to 2^ in diameter. The canal is formed by an in¬ 
ward extension of the pellicle, which is a single homogeneous layer as in Os- 
tracodinium, Epidinium, and Polyplastron. 

Cycle .—In general, the vacuolar cycle of Ophryoscolex is similar to that in 
Epidinium. The resting vacuole (fig. E, i) is a large, lentoid vesicle from 20 
to 40/i in the antero-posterior diameter and from 15 to 25/* thick. Systole is 
relatively rapid, lasting from 0.4 to 1.9 seconds. A small vacuole always re¬ 
mains after systole (fig. E, 5). The fusion of the new accessory vacuoles takes 
place from 30 to 50 seconds after the end of systole, the rest of diastole lasting 
from 1 to 5 minutes. The resting period in Ophryoscolex is unusually long, 
normally lasting from 15 to 45 minutes. Occasionally the complete cycle lasts 
only two minutes. 

The osmiophilic granules of Ophryoscolex, while common in the general 
ectoplasm, never show so marked a degree of concentration around the vac¬ 
uoles as do those of Epidinium. This may be correlated with the relative slow¬ 
ness of the vacuolar cycle in Ophryoscolex and with the infrequency of con¬ 
centration of any one vacuole, as well as with the relatively widespread for¬ 
mation of the accessory vacuoles in the ectoplasm. Since the osmiophilic gran¬ 
ules are primarily concerned with formation of the accessory vacuoles, the 
osmiophilic granules also are scattered rather than concentrated near the 
contractile vacuole. 
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CoimtA.OTlIJ! YagUOIiES of OsTKACODmiUM 

Ostracodinium monolohum Dogiel 1927 was the species most thoroughly 
studied in this investigation. 0. gracUe (Dogiel, 1925) and 0 mammosutn 
(BaiUiet, 1890) were also investigated as a check on the results obtained from 
0 monolohum 



Fig* E Surface view of contractile vacuoles during the pulsatory cycle from individuals 
stained vitally with neutral red Granules staining with neutral red are arbitrarily drawn 
larger than the non staining granules Semidiagrammatic, x 1000. 

Ophryoacolesc oaudaius, 1, resting stage, £, systole, S, end of systole; 4, diastole. 

5-7, Ostracodinium monolohum. 6, end of systole; 6, resting stage; 7, diastole. 

There are from two to six contractile vacuoles along the dorsal mid-line of 
OstracodvMum. Two vacuoles are present in 0 gracde, three in 0. mammo- 
sum, and five in 0. monolobum (pi 15, fig. 5). These vacuoles are adjacent 
to the left border of the macronucleus, lying in a longitudinal strip of ecto¬ 
plasm thicker than that of the rest of the body. Fully expanded vacuoles vary 
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in antero-posterior diameter from 4 to 20/1 and in dorso-ventral diameter from 
3 to 12/*. In species with a relatively large number of vacuoles such as 0. mo- 
nolohum, the region of gel around the vacuoles forms a continuous longi¬ 
tudinal strip in the general ectoplasmic sol. This strip is also marked by a con¬ 
centration of neutral red granules and Golgi granules. 

Cycle .—The preliminary rounding of the vacuoles lasts from 8 to 10 sec¬ 
onds, while systole only lasts from 0.8 to 1.9 seconds. The main vacuole con¬ 
tracts until a vesicle about 4/* in diameter remains (fig. E, 5), and then systole 
ceases. The neutral red granules retain their position for a short time after 
systole, so that the former position of the vacuole is marked for a short time 
by a sphere of colorless, granular ectoplasm surrounded by ectoplasm filled 
with small accessory vacuoles and with granules stainable with neutral red. 
The whole vacuolar cycle lasts at least two minutes, the usual period for an 
actively contracting vacuole being about 2.5 minutes. 

The accessory vacuoles in most of the Ophryoscolecidae are formed in a 
more or less limited region around a particular vacuole and fuse only with it. 
The vacuoles in Ostracodinium monolobum, on the other hand, are so close 
together that the accessory vacuoles may fuse with either one of two adjacent 
contractile vacuoles. In some specimens the accessory vacuoles assembled near 
a canal after systole fuse with the adjacent contractile vacuole instead of 
forming a new vacuole for the canal. In other specimens two contractile 
vacuoles may grow so large that they touch and fuse, the double vacuole then 
becoming detached from one of the canals and emptying through the other. 
In such an occurrence the only indication of one vacuole is the canal and pore. 
These variations produced by the extreme crowding of the contractile vac¬ 
uoles, and also the occasional formation of large accessory vacuoles which may 
be confused with the true contractile vacuoles, make the correct counting of 
the contractile vacuoles in fixed specimens of the species difficult and at times 
impossible. 

A layer of osmiophilic granules is found around the vacuole during diastole 
and shows clearly the formation of accessory vacuoles within it (pi. 17, fig. 
35). This vacuole is strikingly similar to the vacuole of Cycloposthium den- 
tatum f. scutigerum described by Strelkow (1931o, pi. 15, figs. 19-20). He 
interpreted this as a stage in the division of the vacuole. The individual 0. 
ohtosum from which our figure was made, showed no indication of the multi¬ 
plication of any ooganelles, which marks division; also this stage in fixed 
material corresponds to the stage of diastole in which growth of the vacuole 
is accomplished by the formation and fusion of small accessory vacuoles as 
observed in living material. We conclude that his interpretation is incorrect. 
The appearance of small vesicles in the osmiophilic region around a contrac¬ 
tile vacuole indicates the formation of accessory vacuoles rather than a divi¬ 
sion of the whole organelle. 
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Contractile. Vacuol®s of Poltplastron MuLTivBSiotrLATUM 

Polyplastron multivesiculatum (Dogiel and Fedorowa, 1925) shows as many 
as ten vacuoles (fig. B, i), a larger number than any of the other Ophryosco- 
lecidae. Four vacuoles are arranged longitudinally along the dorsal mid-line. 
One vacuole lies just to the left of the anterior vacuole of the dorsal row. The 
rest of the vacuoles are found under the right side. One is occasionally found 
between the two main -skeletal plates. One pair of vacuoles, arranged longi¬ 
tudinally, lies ventral to the right skeletal plates, and another pair is placed 
parallel to the first pair and ventral to it. The number of vacuoles present in 
an individual varies considerably from time to time. Only seven vacuoles were 
present in one individual with a retracted oral zone. The oral zone opened 
shortly after the observations were started and the ciliate began to feed. Four 
more vacuoles appeared in a short time, each of them going through several 
pulsatory cycles. Pores and excretory canals were found in individuals with 
less than ten vacuoles in the positions occupied by vacuoles when all were 
present. These observations were repeated on many other individuals. The 
variation in the number of vacuoles of Polyplastron is dependent, therefore, 
upon the intake of fluid during feeding. During periods of lessened fluid in¬ 
take, some of the vacuoles are indicated only by the excretory pores and 
canals. 

The fully expanded vacuole (fig. F, 5) is relatively small, with an average 
diameter of about 15fi (ranging from 12 to 30/i), and a dorso-ventral diameter 
of from 8 to 15fi. These fully formed vacuoles are smaller and more nearly 
spherical than those of any other genera studied excepting Ostracodinium. 

Cycle .—^The preliminary rounding of the vacuole lasts from 1 to 3 seconds. 
Systole then starts, lasting from 1.5 to 3.0 seconds, and is usually complete. 
The accessory vacuoles and the spherules staining with neutral red retain 
their position during systole (fig. F, 1, 6), the space formerly occupied by 
the resting vacuole being filled by the matrix and the non-stainable spherules. 

The fusion of accessory vacuoles is complete in from 20 to 60 seconds. The 
vacuole increases in size for a time without addition of accessory vacuoles, 
the wall becomes smooth and the vacuole usually becomes elongated in the 
antero-posterior axis. A concentrated ring of granules assembles at this time 
around the vacuole (fig. F, and small accessory vacuoles arise within it and 
empty into the main vacuole. The spherules forming this ring are not stain- 
able with neutral red. The ring of spherules gradually disappears as the ac¬ 
cessory vacuoles form within it. Some of these vacuoles remain intact and 
later fuse.to form the next cohtractile vacuole. The formation and disappear¬ 
ance of the ring occupies from 30 to 60 seconds. i, 

The total cycle from systole to systole takes from fifty seconds to ten min¬ 
utes, the average time in the specimens studied being about two minutes. 
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Most of the accessory vacuoles arise just after systole, replacing the old 
contractile vacuole. The granules in parts of this region gradually decrease 
in number and then very suddenly the clear vacuolar fluid is differentiated 
from the surrounding ectoplasm, which becomes more viscous. Smaller so- 
lated regions appear also in the surrounding ectoplasmic gel and small acces- 



Fig. F. Contractile vacuoles during the pulsatory cycle from live specimens stained vitally 
with neutral red. Granules staining with neutral red are arbitrarily drawn larger than the 
non-staining granules. Semi-diagrammatic. 

IS", PolypUutron multivesioulaiumf x 1000. 1-5, surface view of anterior dorsal vacuole; 
6-S, side view of the same vacuole in optical section. 1, end of systole; S, beginning of dias¬ 
tole; S, end of the first stage of diastole; 4, second period of diastole; 5, resting stage; 6, 
end of systole; 7, second stage of diastole; 8, vacuole rounded just prior to systole. 

^ Metadiniufn medium, x 500, lateral view of the anterior contractile vacuole in op¬ 
tical section. The anterior end of the macronucleus and the micronucleus are shown in out¬ 
line. 9, resting stage;middle of systole; 11, late diastole. 


sory vacuoles are formed in the same manner. All these vacuoles migrate to¬ 
ward the canal and fuse to form the small, irregular vesicle of early diastole. 
The formation of the small accessory vacuoles in the granular ring in late 
diastole is not so apparent as that described above as occurring just after 
systole. 
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At the end of systole, as shown by osmic preparations, the vesicle is re¬ 
placed by several small vacuoles (pi. 17, fig. 20), around which are clus¬ 
tered a number of relatively large osmiophilic granules. In the next stage, the 
single small vacuole of early diastole (pi. 17, fig. 21) is surrounded by a layer 
of very fine osmiophilic granules in which are imbedded a few large granules 
such as occur in the previous stage. As the accessory vacuoles fuse, these large 
granules either break up and form this band of smaller granules, or they dis¬ 
appear and are replaced by a new set of small ones. The origin of the smaller 
granules from the larger ones seems the more reasonable interpretation. This 
osmiophilic band thickens (pi. 17, figs. 22,23; pi. 15, fig. 7) and in some speci¬ 
mens reaches a diameter of 5fi. The granular character of this band is appar¬ 
ent only in material impregnated at room temperature (pi. 17, fig. 25). In 
material impregnated with osmium tetrozide at from 30° to 35° C (pi. 17, 
fig. 26), the granular zone appears as a homogeneous black band, the only 
evidence of the original granular structure being the rough outer surface. 

In the next stage, small clear vesicles are found in the osmiophilic region 
(pi. 17, fig. 27). Since this band of osmiophilic granules corresponds exactly 
to the band of closely packed granules observed during the vacuolar cycle in 
the live specimens, it is clear that the osmiophilic granules and the granules 
stainable with neutral red are two entirely different t 3 T)es of cytoplasmic 
inclusions. 


CONTBACTILE VaCUOUES OF MeTADINIUM MeDIUM 

Metadinium medium Averinzew and Mutafowa 1914, the only species of 
the genus found thus far in California cattle, possesses two large, nearly 
spherical vacuoles beneath the right dorsal surface (fig. A, 2 ). These vacuoles 
are half imbedded in two large dorsal hollows of the macronucleus, one near 
the anterior end and one near the posterior end. 

The excretory canal is from 8 to lO/u long (pi. 17, fig. 32) and opens by 
means of a small, circular, outer excretory pore, from 3 to 5/1 in diameter. The 
pellicle of Metadinium, as well as that of Eudiplodinium, is in two layers, a 
thick inner striated layer, and a thin, outer clear layer. An inward extension 
of the clear layer alone forms the wall of the excretory canal. 

The resting vacuoles (fig. F, 5) of Metadinium medium are large and nearly 
perfect spheres, from 25 to 35/i in diameter. A narrow, densely granular rim 
from 1 to 3/1 in thickness surrounds each vacuole. Small flattened accessory 
vacuoles are imbedded in this region. A few granules stainable with neutral 
red are found in the rim, but the majority of the granules could not be stained 
with any of the vital dyes used in this investigation. None of the granules in 
the vacuolar region exhibit Brownian movement at this tin^^ demonstrating 
that it is a relatively stiff gel. The general ectoplasm has fewer granule than 
the vacuolar region, but a large proportion of these granules are stainable with 
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neutral red, so that in an individual stained with this dye the pale greenish 
gray vacuolar region is bounded by myriads of brilliant red granules. The 
granules in the general ectoplasm show marked Brownian movement, the sol 
state thus indicated differing markedly from the gel state of the granular 
band around the vacuoles. 

Cycle. —The main vacuole contracts in a leisurely fashion (fig. F, 10), tak¬ 
ing from 21.2 to 26.0 seconds for the completion of systole. The small acces¬ 
sory vacuoles in the granular rim expand rapidly and fuse together as the 
main vacuole contracts. There is at the same time a definite fiow of granules 
from the general c 3 rtoplasm into the vacuolar region, so that the total diame¬ 
ter of the vacuolar region (vacuole plus granular rim) remains unchanged. 
Systole is usually complete and the remainder of the wall of the old vacuole 
forms the closure membrane over the inner excretory pore. 

The osmiophilic granules in Metadinium form a heavy band around the 
contractile vacuole and are also scattered evenly throughout the whole ecto¬ 
plasm. Only the granules in the band around the vacuole appear to be con¬ 
cerned directly with the vacuolar cycle. The osmiophilic rim can be demon¬ 
strated in osmic preparations in all stages of the cycle. This confirms the per¬ 
manency of the granular rim as observed in living specimens and emphasizes 
the contrast to the granular region, which is present in Eudiplodinium only 
in diastole. 


STRUCTURE OP THE CONTRACTILE VACUOLE IN THE 
OPHRYOSCOLECIDAB 

Pore. —The presence of a permanent pellicular pore has been denied for 
many ciliates. Rhainsky (1910) described instead a rhythmic rise and fall 
of the pellicle over the vacuole of Paramecium during the pulsatory cycle and 
gave the name “papilla pulsatoria” to the portion of the pellicle involved. 
This activity was described entirely from fixed material. Haye (1930) de¬ 
scribed a similar appearance in Polyplastron mvltivesiculatum and Ostraco- 
dinium gracile and like lOiainsky found no excretory pores or canals. The ob¬ 
servations reported in this paper, however, show that the papilla pulsatoria 
is never present in living material and that the rise and fall of the pellicle over 
the vacuole as figured by Haye is caused by the processes of fixation, imbed¬ 
ding, and sectioning. 

The papilla pulsatoria described by Taylor (1923) in Euplotes is a thin pro¬ 
toplasmic membrane sealing a permanent pore in the hard, rigid pellicle. The 
drawings published by Bretschneider and Hirsch (1927) of the papilla pul¬ 
satoria in Balantidium giganteum indicate a similar type of structure. These 
structures are entirely different from the large invaginations and evagina- 
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tions of the pellicle of Paramecium described by Ehainsky and should not be 
included under his term. 

The excretory canal and the inner and outer excretory pores are permanent 
pellicular structures in the Ophryoseolecidae. The canal is rigid at all times 
and shows no traces of sphincters like those described by Strelkow (1931a) 
in the Cycloposthiidae. The inner pore is closed at all times, except during 
systole, by a thin protoplasmic membrane, formed from the remnants of the 
wall of the old vacuole. The inner excretory pore of the contractile vacuoles 
in the Ophryoseolecidae is similar to the permanent opening in the pellicle of 
Euplotes, sealed except during systole by a delicate protoplasmic membrane. 
Zenker (1866) gave a similar interpretation for the vacuole of several ciliates. 

Vacuolar wall .—The presence of a permanent membrane bounding the con¬ 
tractile vacuole has been the subject of much dispute, but since the observa¬ 
tions of Wrzesniowski (1869) it has been generally admitted that in those 
vacuoles which are formed by the fusion of newly arising accessory vacuoles, 
the boundary membrane is only a temporary differentiation of the cytoplasm. 
Taylor (1923), on the basis of his observations on Euplotes, corroborates this 
view. 

The wall surrounding the contractile vacuole and the accessory vacuoles of 
the Ophryoseolecidae is temporary, disappearing during systole and re-form¬ 
ing anew as each new accessory vacuole is formed. The wall, like that in 
Euplotes, is not a membrane in the structural sense, since only the internal 
surface of the wall is sharply differentiated and the outer surface grades indis¬ 
tinctly into the surrounding ectoplasm. 

Eraschenninikow (1929) and Haye (1930) described a definite membrane 
around the contractile vacuoles in several genera of the Ophryoseolecidae. 
Eraschenninikow claims that the membrane is osmiophilic. Haye described 
small granules imbedded in the membrane and stated that these are lipoidal 
in nature. He also described the accessory vacuoles as arising in this mem¬ 
brane, appearing in his drawings as little blisters. The presence of a definite 
membrane in the vacuoles of the Ophryoseolecidae is due entirely to fixation 
and is the result of partial fusion of the granules immediately surrounding 
the vacuole, giving the appearance of a heavy, vacuolated membrane. In Eudi- 
plodinium, the form on which Eraschenninikow based his conclusions, the 
boundaries of the vacuoles are relatively inconspicuous in material impreg¬ 
nated with osmium tetroxide, while the outer boundary of the vacuolar region 
is very sharp. Thus Eraschenninikow mistook the outer limit of the heavy 
granular vacuolar region surrounding the vacuole proper for the vacuolar 
membrane. 

The consistency of the cytoplasm forming the vacuolar is usually de¬ 
scribed as being slightly more viscous than the adjacent (^oplasm (Taylor, 
1923; Howland, 1924). This conclusion is based both on micro-dissection ex* 
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periments and on the fact that the granules next to the vacuole do not show 
Brownian movement. A similar narrow rim of viscous material adhering to 
the vacuole is present in the Ophryoscolecidae. 

The viscous layer apparently solates at times and allows the accessory vac¬ 
uoles to fuse. The ability of accessory vacuoles to fuse is dependent on the 
phase of the vacuolar cycle. Some of the accessory, vacuoles formed in the 
extremely fluid vacuolar region of Eudiplodiniutn during the end of systole 
bump together quite forcibly under the influence of the localized cytoplasmic 
currents in this region but show absolutely no tendency to fuse at this time. 
After systole is entirely completed, however, these accessory vacuoles fuse 
with one another at the slightest touch. Howland (1924) notes a similar phe¬ 
nomenon in Amoeba. Therefore, although the immediate cause of the fusion 
of two contiguous vacuoles is their contact, contact alone is insufficient to 
cause fusion unless another factor is operative. This necessary factor is prob¬ 
ably the solation of the delicate, indeterminate gel envelope forming the 
vacuolar wall. 

Vacuolar region. —Differentiations of cytoplasm around the contractile 
vacuoles have been noted in many ciliates. Faur6-Fremiet (1925), Fortner 
(1926), and others have considered this region to be intimately concerned 
with the phenomena of vacuolar cycles and have called it the “Nephridial- 
plasma.” Spirostomum (Day, 1930; Haye, 1930), and Blepharisma (Haye, 
1930), etc., show no specialized region around the contractile vacuoles. 

The position of the main vacuoles is permanent in all the Ophryoscolecidae 
and the formation of accessory vacuoles takes place in a more or less limited 
area, the degree of localization varying in the different genera. No region of 
cytoplasm around the vacuole is visibly differentiated from the rest of the 
ectoplasm in either Ophryoscolex or Epidinium. The vacuoles of Ostraco- 
dmium lie in a longitudinal band of gelated ectoplasm, solation occurring 
only in localized regions around an active vacuole. There is a temporary dif¬ 
ferentiation of ectoplasm around the vacuoles of Polyplastron during dias¬ 
tole. A very deflnite band of ectoplasm forms around the vacuoles of Eudi- 
plodinium during diastole. In Metadinium a similar band is present during 
the whole cycle. The formation of the new vacuoles in both of these genera is 
entirely restricted to this vacuolar region. The material of these specialized 
regions is clearly derived from the general ectoplasmic material and in par¬ 
ticular represents a concentration of osmiophilic granules. Thus within the 
Ophryoscolecidae all degrees of concentration of vacuolar materials are rep¬ 
resented and the genera may be arranged in an intergrading series extending 
from Ophryoscolex with a very slight concentration of osmiophilic granules 
around its vacuoles during diastole, up to Metadinium with a permanent band 
of osmiophilic granules around its vacuoles. This series also represents a 
gradation in the formation of accessory vacuoles. These vesicles in Ophryo- 
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icolex form in most of the ectoplasm and arise as very minute vesicles belofW 
the range of visibility and can be seen only when fully formed. In Epidinium 
the formation of accessory vacuoles is restricted to the dorsal side; in Ostra^ 
eodinium the formation is restricted to a narrow dorsal strip and the vesi¬ 
cles are visible from their earliest stages; in Polyplastron they form in a 
similar restricted region, and in later diastole the last of the accessory vac¬ 
uoles form in a granular band around the vacuole; finally in Eudiplodinvum 
and Metadinium they form only in the restricted granular region and are rela¬ 
tively large even in their earliest stages. Thus where there is no localization 
of formation of accessory vacuoles, there is no concentration of granules 
around the contractile vacuoles; where there is a localization of vacuolar 
formation there is a great concentration of granules in the vacuolar region. 
This correlation of osmiophilic granules and accessory vacuole formation 
definitely indicates that these granules play an important r61e in the vacuolar 
cycle. 


ORIGIN OP THE ACCESSORY VACUOLES 

The differentiation of small accessory vacuoles from the cytoplasm is one 
of the fundamental problems in a study of the contractile vacuoles. The origin 
of the accessory vacuoles has been described in other ciliates either as a fusion 
of pre-existing, but invisible, vacuoles of the ectoplasm, or as an entirely new 
concentration of fluid with a subsequent differentiation of the vesicle from 
the cytoplasm. Taylor (1923) showed that the granules of Euplotes oscillate 
in small, fluid-filled vacuoles. He states that in some the granules may dissolve 
and thus give rise to the small, clear accessory vacuoles (his group V,). Ha 
also shows the possibility of a de novo origin. 

The accessory vacuoles in Metadinium, Polyplastron, Eudiplodinium, and 
Ostraoodinium arise as relatively large vesicles and can be made out clearly 
in all stages of formation. There is first a localized solation of the ectoplasm, 
then a gradual disappearance of granules in the solated portion, and finally 
a very sudden differentiation between the clear vacuolar fluid and the sur¬ 
rounding ectoplasm, producing the appearance of a miniature explosion as 
referred to by Day (1927). There is strong evidence for the solution of the 
osmiophilic granules in the vacuolar fluid at this time, particularly in Eudi~ 
plodinium and Metadinium. The evidence has been summarized in connec¬ 
tion with the description of the osmiophilic granules of Eudiplodinium. The 
accessory vacuoles in these forms do not arise by fusion of ultramicroscopic 
alveoli but arise de novo as relatively large vesicles which are first visible as 
solated portions of the ectoplasmic gel, the differentiation of the vacuolar con¬ 
tents from the protoplasm being only the end of the whole*proceBS of forma¬ 
tion. The accessory vacuoles of Epidinium and Ophryoseolex form as minute 
submicroBcopic vesicles and therefore their method of origin cannot be di- 
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rectly demonstrated. There is, however, no evidence of an alveolar structure 
of the ectoplasm in these two genera, and since the de novo origin is certain in 
the other four genera investigated, a like origin of the accessory vacuoles in 
Epidinium and Ophryoscolex is probable. 

The accessory vacuoles normally form in a regular manner, fuse to form 
one of the contractile vacuoles, and their fluid is thus forced outside of the 
ciliate. Abnormal specimens, either kept on a slide too long or injured in 
other ways, show the formation of many irregular vacuoles in all regions of 
the ectoplasm and in such niunbers that only a few of them are eliminated by 
fusion with the contractile vacuole. Vaeuolation is a fundamental property 
common to all the ectoplasm, but its action is restricted in normal individ¬ 
uals to a relatively narrow region. Thus the formation of a fluid center which 
results in the localized accumulation of fluid in a vacuole (Dixon, 1920; Tay¬ 
lor, 1923) is accomplished through the action of a specialized region of the 
ectoplasm and in that sense the contractile vacuolar system is a permanent 
organelle. 


SOURCE OF THE VACUOLAR FLUID 

The path of the water through the protozoan cell has excited little interest 
compared to the attention paid the contractile vacuole itself. Hartog’s theory 
(1888) involves the assumption that the whole surface membrane is perme¬ 
able to the water of the surrounding medium; also that the intake of water of 
any given specimen is solely dependent on the concentration of this medium. 
Degen (1905) and others have accepted his view. Recently the permeability 
of the whole outer membrane has been questioned to some extent. Taylor 
(1923) showed that the accessory vacuoles most commonly arose near food 
vacuoles and on this basis considered the main point of entry to be through 
the oral region. Eisenberg (1925) considered that in Paramecium caudatum 
most of the water entered by way of the protoplasm bordering the peristome. 

There is definite evidence that the pellicle of the Ophryoscolecidae is rela¬ 
tively impermeable. The penetration of vital dyes is very rapid during active 
feeding, the maximum depth of staining being reached in less than half a 
minute. When the oral region of one of the Ophryoscolecidae is closed, more 
than half an hour elapses before its cytoplasmic granules are distinctly col¬ 
ored. Pulsation of^any of the vacuoles in a specimen with a closed oral region 
is rare, but is common in actively feeding specimens. In Polyplastron several 
of the vacuoles are present only when the individual is actively feeding. It is 
clear that very little of the excess water and other materials can be eliminated 
through the general surface of the body. It is easily shown by direct observa¬ 
tion that very little, if any, of the extra fluid taken in during feeding leaves 
through the anal opening. 
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All this evidence indicates that the pellicle covering the general surface of 
the body is relatively impermeable. The contractile vacuoles alone eliminate 
most of the fluids. Most of the fluid excreted by the contractile vacuoles enters 
through the cytostome. One function of the contractile vacuole, therefore, is 
to eliminate the excess water taken in with the food materials. At the same 
time, this water, as it is eliminated, serves as the vehicle for dissolved mate¬ 
rials such as katabolic wastes. 


VACUOLAR CYCLE 

Besting stage ,—Many contractile vacuoles after attaining full size show a 
more or less marked period in which no appreciable change either in size or 
form occurs. This stage is particularly prominent in the Ophryoscolecidae, in 
which the contractile vacuoles are only occasionally active. Any assemblage of 
osmiophilic granules is completely absent or at a minimum at this time and 
the surrounding ectoplasm is firmly gelated. This period of the pulsatory 
cycle thus presents a marked contrast to diastole and systole which are both 
accompanied by so many striking cytoplasmic changes. The lack of concen¬ 
tration of osmiophilic granules near the contractile vacuoles during the in¬ 
active part of the pulsatory cycle is the condition to be expected if these gran- 
tdes are intimately concerned with the formation of contractile vacuoles. 

Systole ,—The stimulus for systole is unknown. Taylor (1923) showed that 
the vacuole of Euplotes must touch the excretory pore before systole can 
occur and concluded that this is the stimulus for systole. The vacuoles in the 
Ophryoscolecidae, however, are in close contact with the pore during the lat¬ 
ter half of diastole and during the resting period. Contact of the vacuole 
and the pore is therefore not a stimulus for systole in the Ophryoscolecidae. 
It is possible that in Euplotes the correlation between contact and systole is 
only a coincidence. The size of the vacuoles has nothing to do with commence¬ 
ment of systole. Systole may take place at any time after the first fusion of 
the accessory vacuoles and a resting vacuole, which thereupon suddenly con¬ 
tracts without any increase in size. Botsford (1926) and others have made 
similar observations in other Protozoa. Therefore while it has been shown 
definitely in several forms that systole is immediately preceded by a eola¬ 
tion of the membrane closing the excretory pore and of the cytoplasm imme¬ 
diately around the vacuole, the stimulus behind that phenomenon is still 
unknown. 

Many theoretical explanations of systole have been advanced, but some of 
them are contrary to observed facts and none accounts completely for all the 
observablejphenomena. It is also probable, if not certain, that no single expla¬ 
nation can be applied to the vacuoles of all Protozoa. For *(&ample, Dixon^s 
theory (1920) of the contractile vacuole assumes that there is a gel structure 
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surrounding the contractile vacuole throughout the whole cycle and that the 
energy necessary for the expulsion of the vacuolar fluid comes from the elas¬ 
ticity of this postulated gel. Actually, systole of the contractile vacuoles of 
many of the Protozoa is accompanied by signs of marked solation of the sur¬ 
rounding cytoplasm. Taylor (1923) showed that the membrane closing the 
excretory pore in Euplotes (his papilla pulsatoria) reverts to a sol condition 
and ruptures at the beginning of systole, and he implies a solation of the whole 
region around the vacuole. 

Systole of the contractile vacuoles in the Ophryoscolecidae occurs only 
when the surrounding region is solated. During this solation, the membrane 
closing the inner excretory pore is dissolved or so weakened that it ruptures. 
This is exactly opposite to the conditions postulated by Dixon (1920) in his 
theory of the mechanism of vacuolar action, and his theory cannot be applied 
either to the Ophryoscolecidae or to Euplotes. 

The problem of systole is further complicated by the occasional occurrence 
of partial systole. This is a widespread phenomenon and has been reported in 
Euplotes by Taylor (1923), in various species of Amoeha by Botsford (1926), 
Howland (1924), Howland and Pollack (1927), and in Actinosphaerium by 
Howland and Pollack (1930). Howland and Pollack present evidence to show 
that partial systole in Amoeba diibia is caused by strong cytoplasmic currents 
which pull the vacuole away from the temporary pore. This was observed in 
the present investigation in Ophryoscolex, Ostracodinium, Polyplastron, and 
Eudiplodinium. Many incomplete systoles were observed, however, in which 
the remnant of the contractile vacuole remained attached to the excretory 
pore. In the latter situation, the most we can say is that the forces which pro¬ 
duce systole cease to be effective. 

The force utilized in expulsion of liquid from the vacuoles is usually as¬ 
cribed to surface tension, or intracytoplasmic pressure, or both. The theory of 
systole by intracytoplasmic pressure has been attacked at various times. The 
chief objection has been that in forms with more than one vacuole, systoles of 
the vacuoles are not synchronous, although the intracytoplasmic pressure is 
pres\imably the same around all the vacuoles. This objection is not valid in the 
Ophryoscolecidae and probably not in other forms, since the pore of one vac¬ 
uole may be open while the pores of the other vacuoles are securely plugged 
by the gelated protoplasmic membrane. The forces of surface tension and of 
intracytoplasmic pressure are held in check except during systole by the clos¬ 
ing membrane. 

Diastole. —The diastole of the contractile vacuole is usually considered to 
involve flrst an accumulation of osmotically active materials, soluble crystal¬ 
loid materials, according to Dixon (1920), or katabolic products, according to 
Taylor (1923), followed by a migration of water to this region. Nassonow 
(1924) put forth the hypothesis that the osmiophilic region around the vac- 
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uoles of certain ciliates is responsible for the accumulation of this osmotically 
active material. He homologizes the action of this osmiophilic material with 
that of the Golgi material of secretory cells. Bojewa-Petruschewskaja (1928) 
showed that the osmiophilic layer around the vacuole of Balantidium is dem¬ 
onstrable only during diastole. 

Diastole in all genera of the Ophryoscolecidae is in two parts—first the for¬ 
mation and fusion of the accessory vacuoles, next the slow growth of the vac¬ 
uole to full size in which no more accessory vacuoles fuse with the main vesi¬ 
cle. The cytoplasm immediately around the accessory vacuoles becomes more 
and more viscous during the fusion process and by the time the second stage 
of diastole appears it is completely gelated. The osmiophilic granules appear 
in greatest number in this first period of diastole and then rapidly diminish in 
number in the second period. 

The two parts of diastole demonstrated morphologically in the contractile 
vacuoles of the Ophryoscolecidae correspond to the two parts of diastole as 
postulated by present theories of vacuolar action. The early formation of ac¬ 
cessory vacuoles and the accumulation of osmiophilic granules represent the 
localization of osmotically active materials, the passive growth of the vacuole, 
and the loss of osmiophilic granules in late diastole corresponding to the ac¬ 
cumulation of water brought about by the osmotically active materials. 


STRUCTUEE OF THE ECTOPLASM 

The ectoplasm is composed of a clear, optically homogeneous matrix in 
which many small granules are imbedded. Most of the ectoplasm in the genera 
observed is normally in a sol state at all times, but the ectoplasm which lies 
near the contractile vacuoles undergoes periodic sol-gel changes. Prom direct 
observation the gel appears to be of the same consistency throughout, but the 
observed movement of granules during systole cannot be explained on this 
basis. There is a distinct flow of granules into the vacuolar region of Eudiplo- 
dinium as the vacuole contracts, and these granules are of one type only, the 
osmiophilic granules which cannot be stained vitally with neutral red. The 
granules come from the surrounding gelated ectoplasm in which they are 
intermingled with the granules staining with neutral red. Thus the non-stain- 
able granules migrate into the vacuolar region while neutral red granules 
lying next to them remain fixed. A similar differentiation of movements be¬ 
tween the two types of granules is found in Ostracodinium and Polyplastron. 
The'movements of small accessory vacuoles in these latter genera are similar 
to the movements of the granules. Some of the accessary vacuoles migrate to¬ 
ward the accessory canal shortly after systole while adjacent vacuoles show 
no movement at aU. 
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These observed differences in the movements of adjacent granules or of ad* 
jaoent accessory vacuoles may be explained as resulting from the presence of a 
coarse, viscous reticulum in which are imbedded the granules of the vacuome 
and some of the accessory vacuoles, the interstices between the meshwork be¬ 
ing filled with fluid of relatively low viscosity which contains part or all of the 
granules that do not react to neutral red and also some of the accessory vac¬ 
uoles. Thus the non-stainable granules are free to move along with the fluid 
matrix while the neutral red granules are held by the viscous reticulum. This 
meshwork is relatively coarse and the pores must be at least 0.2/a in diameter 
in order to allow the granules to migrate freely through them. The reticulum 
is much larger than the postulated brush-heap structure of a gel and is a struc¬ 
ture formed by the gel rather than being the structure of the gel itself. 

A viscous reticulum as described above fits in with the observed vacuolar 
cycles. The ectoplasm around the resting vacuoles of Ostracodinium is appar¬ 
ently a solid gel showing no movements of the granules. Just before systole 
the granules of this region begin to show Brownian movement which is par¬ 
ticularly marked in the osmiophilic granules. This marks the first appear¬ 
ance of the coarse viscous mesh and the less viscous phase containing the os¬ 
miophilic granules. The homogeneous gel around the resting vacuole thus 
changes to a viscous reticulum containing a solated phase in its meshes suffi¬ 
ciently pliable to allow the vacuole to become spherical. As the vacuole '‘on- 
tracts, the fluid phase fills the space left by the retreating walls of the con¬ 
tractile vacuole. The granules stainable with neutral red thus remain outside 
the completely solated vacuolar region for a time while the other granules 
migrate in. Shortly after systole is complete, the neutral red granules also 
move into the completely solated vacuolar region, indicating that the gelated 
mesh has also become solated. This interpretation applies also to Polyplas¬ 
tron. The gelated reticulum around the vacuoles of Eudiplodinium is appar¬ 
ently more permanent, since neutral red granules never get into the vacuolar 
region. The movements of the granules indicate its presence throughout 8]rs- 
tole and during the first part of diastole. During late diastole and the resting 
stag?, lack of Brownian movement of all the granules around the vacuolar 
region indicates that the gel is again homogeneous. 

The presence of a viscous mesh, interstices of which are filled with the fluid 
phase, is thus in accord with the observed vacuolar cycle and is an hypothesis 
which adequately ^accounts for differences between the observed movements 
of the vacuome granules and the osmiophilic granules. Mast (1926) describes 
small fluid vacuoles in the gelated ectoplasm of Amoeba. The reticulum de¬ 
scribed above is similar to Mast’s concept with the exception that the fluid 
phase is continuous rather than in discrete vacuoles as in Amoeba. 
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IDENTIFICATION OF GOLGI MATERIAL IN CILIATES 

Various criteria have been suggested by different authors to facilitate the 
identification of Golgi material. Hirschler (1927) stressed the importance of 
positive identification of mitochondria in order to eliminate confusion of 
Golgi material with the chondriome. Bowen (1928b) suggested in addition 
that consistent impregnation by both the silver and osmic methods would be 
good proof. He also stressed resistance to bleaching in osmic impregnated 
material as a character of true Golgi material. Hall (1931) used as criteria 
the above staining reactions and in addition stressed the idea that the Golgi 
material is probably quite similar in morphology and distribution in all Pro¬ 
tozoa. He therefore restricts the term Golgi material to those inclusions which 
can be demonstrated consistently by the standard methods and which are 
similar in form and intracytoplasmic distribution in all Protozoa. 

The morphology of the osmiophilic materials in ciliates is still a matter of 
dispute. The great majority of workers in this field describe small granules 
as Golgi material, but a few, led by Nassonow (1924), homologize either the 
wall of the contractile vacuole or a shell around the wall of the contractile 
vacuole (Strelkow, 1931b) with Golgi material. 

The workers demonstrating a solid membrane have used the warm impreg- 
nation.method advocated by Nassonow (1924). Hirschler (1924) showed that 
this warm method tends to produce over-impregnation, and in closely packed 
spherules the osmic precipitate spreads and obscures the true granular nature 
of the region. He advocates a cold method of impregnation to eliminlite this 
source of error. Impregnation of the Ophryoscolecidae strikingly bftrs out 
this view. The heavy black membrane around the vacuole visible in material 
treated by the warm impregnation method (pi. 17, fig. 26) is shown by cold 
impregnation to be granular (pi. 17, fig. 25) and this granular composition 
of the vacuolar region is seen in living material. The figures showing solid im¬ 
pregnation of the vacuolar walls of ChUodon and DogieleUa, published by 
Nassonow (1925), of Balantidium by Bojewa-Petruschewskaja (1928), and 
of the Cycloposthiidae by Strelkow (1931b) indicate a marked granular 
roughening on the outer margin of the osmiophilic layer, giving evidence that 
these solid black membranes are the result of over-impregnation of an orig¬ 
inally granular zone. The blackened membranes or walls of vacuoles are there¬ 
fore interpreted as being heavy aggregations of osmiophilic granules rather 
than solid structures. The variations in the impregnation of regions around 
the contractile vacuoles in different ciliates may then Ije^ explained as repre¬ 
senting a difference in the localization of the formation of the contractile 
vacuole. A series extending from practically no aggregation of osmiophilic 
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granules to a very heavy aggregation around the vacuoles has been demon¬ 
strated in the Ophryoscolecidae and has been shown to be correlated with the 
degree of localization of the formation of the contractile vacuoles. The main 
difference between such forms as Spirostomum (Hirschler, 1924a) and Meta- 
diniutn is that in the former genus the osmiophilic granules are scattered more 
or less uniformly throughout the cytoplasm, while in the latter many are con¬ 
centrated around each vacuole. 

Certain granules have been desoidbed, however, which are obviously not to 
be considered as homologous with the grannies discussed above. Richardson 
and Horning (1931) showed that the pyriform granules described by King 
and Qatenby (1926) in Opalina are not Golgi granules. The macronuclear 
knobs of Stentor described by Park (1929) also must be excluded. 

The criterion of constancy of morphology and distribution in all Protozoa 
is a logical one and appears to be fairly valuable unless it is construed so 
strictly as to rule out any possibility of a cyclical change in morphology or 
in distribution of the granules. Hall applies this criterion very strictly, some¬ 
times selecting the true Golgi material from other blackened material merely 
because of greater frequency of occurrence. Such a demand that Golgi mate¬ 
rial be absolutely constant in distribution and morphology would rule out the 
Golgi material of gland cells which show marked cyclic changes (Bowen, 
19286). Even allowing for cyclic changes, the criterion of constancy of form 
is valuable only in a negative way. The Golgi material usually accepted as 
such in the Protozoa is granular in form. This helps to rule out membranes, 
macronuclear knobs, or parabasal bodies of flagellates, but does not help to 
distinguish true Golgi granules from other cytoplasmic granules. 

Granules which satisfy the criteria of staining reactions but which differ in 
other-properties have been demonstrated in various ciliates. Hall (1931) 
showed that the granules vitally stained with neutral red may be subsequently 
impregnated by exposure to osmium tetroxide solution for from 3 to 4 days. 
Peschkowskaja (1928) showed that the osmiophilic granules of Climacosto- 
tnum could be demonstrated vitally with neutral red, but also showed that 
neutral red reveals at the same time many granules which are not osmiophilic. 
In the Ophryoscolecidae, the osmiophilic granules and the granules demon¬ 
strable with neutral red are two entirely separate sets of cytoplasmic inclu¬ 
sions. A puzzling phenomenon found in the Ophryoscolecidae may be included 
here. The only gr^mules in Eudiplodinium which can be impregnated with 
osmic acid are those found in the vacuolar region. It was shown from a study 
of living material that this region is composed of granules from the surround¬ 
ing ectoplasm. Therefore these granules, as they assetnble in the vacuolar re¬ 
gion, undergo some chemical change or, more likely, some physical change 
which permits of their impregnation by the osmic technique. It is evident 
that, in ciliates, Golgi material identified by means of staining reactions in- 



236 


UnivertHy of CaUfomia PvhUeatiotu in Zoology W 


dudes many granules similar in a general way but differing in various details 
of their staining reactions or in solubility. 

It is somewhat questionable then to homologize granules on the basis of 
their reaction to osmic or silver techniques and it is difficult to homologize 
them with the Golgi material in the Metazoa. On the ham of the criteria now 
available, however, the osmiophilic granules described in the Ophryoscoleci* 
dae are considered to be homologous with the osmiophilic granules described 
as Golgi material in various other ciliates. They are small granules which can 
be selectively impregnated by means of the silver or osmic techniques and can 
be separated from the other cytoplasmic granules, such as mitochondria and 
glycogen, by appropriate staining methods. The granules are usually found 
throughout the ectoplasm. They also show a cydic aggregation around the 
contractile vacuoles, which is comparable to the changes occurring in the Golgi 
material in gland cells. Since they do not stain with neutral red, they are not 
strictly comparable to the vacuome granules described by Hall (1931) in 
and by Dunihue (1931) inParamedum. 

The vacuolar region described in the Ophryoscolecidae is strikingly similar 
to the Golgi region of secretory cells. Both regions are specialized parts which 
show marked cyclical changes in connection with the expulsion of material 
from the cell. The c 3 i;oplaOTiic components found in the Ophryoscolecidae 
and their observed activity correspond more nearly to the views on the activ¬ 
ity of Golgi material expressed by Nassonow (1926) and by Bowen (1928a) 
than to the views of Parat (1928). There are three definite types of cytoplas¬ 
mic components in these ciliates, the Golgi granules, the vacuome, and the 
chondriome. The Golgi granules can be identified in several of these ciliates 
when alive, because of the concentration of these granules in the vacuolar re¬ 
gion. The findings agree thus far with those of Nassonow and Bowen. The 
Golgi granules contribute directly to the formation of the accessory vacuoles 
while neither the vacuome nor the chondriome in these ciliates shows any 
relation to the vacuolar cycle. The vacuolar region in these ciliates therefore 
does not conform in this respect with either Bowen’s or Parat’s interpretation 
of the function of the Golgi material. 

The vacuolar region found in these ciliates shows definite evidence of the 
elimination of materials by means of the vacuolar fluid and corresponds to 
the secretory region or “region of Golgi” in gland cells. The nature of the ma¬ 
terials eliminated by the vacuolar region was not determined in this investi¬ 
gation. Since, however, the pellicle in the Ophryoscolecidae has been shown 
to be relatively impermeable and since the vacuolar system is the only demon¬ 
strable path by which materials are constantly being passed to the exterior, it 
is likely that the katabolic wastes of these ciliates are eliminated by this or¬ 
ganelle rathw than by direct diffusion through the pellide. 
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SUMMARY 

1. The cycle of the contractile vacuoles was studied in both living and fixed 
material in the following genera of the Ophryosoolecidae: Ophryoscolex, Epi- 
diniutn, Ostracodinium, Polyplastron, Eudiplodmium, and Metadinium. 

2. The ectoplasm of these forms is very granular with no alveoli or vacuoles 
except those found in connection with the contractile vacuoles. 

3. There is a permanent excretory pore for each vacuole in this group of 
ciliates. It opens into a canal formed by the pellicle. The inner end of the 
canal is closed by a thin membrane except during systole. The wall of the vac¬ 
uole is a temporary structure. It is never impregnated by either the osmic or 
the silver techniques. 

4. The contractile vacuole in all genera is formed by the coalescence of 
small accessory vacuoles. The accessory vacuoles arise de novo in small so- 
lated portions of the ectoplasm. The contractile vacuoles in Ophryoscolex and 
Epidinium arise in the whole ectoplasm while those of Ostracodinium are re¬ 
stricted in origin to a narrow dorsal strip of the ectoplasm. The accessory vac¬ 
uoles of Eudiplodinium and Metadinium are formed only in a sharply de¬ 
fined granular region around the contractile vacuole. 

5. The vacuolar fluid is mainly derived from excess fluid taken in by the 
cystostome during feeding. The general pellicular covering of the body is rela¬ 
tively impermeable and admits little if any fluid. Excretion by diffusion 
through the pellicle is unlikely. 

6. The cycle of the contractile vacuole in all these genera is in three parts: 
the resting period, systole, and diastole. The resting period is marked by gela¬ 
tion of the surrounding ectoplasm and is a completely static stage. Systole is 
initiated by a solation of the surrounding ectoplasm and rupture of the mem¬ 
brane over the pore. Systole may be complete or only partly complete. Con¬ 
tact of the contractile vacuole with the excretory pore does not initiate sys¬ 
tole. The closure membrane is re-formed from a remnant of the wall of the 
old contractile vacuole. The early part of diastole is marked by the forma¬ 
tion and fusion of accessory vacuoles to form the new contractile vacuole 
which then becomes attached to the excretory pore. The surrounding cyto¬ 
plasm then reverts to the gel state and a period of growth takes place. When 
this ceases, the resting stage commences. 

7. Mitochondria, glycogen granules, granules stainable with neutral red, 
and osmiophilic granules were identified. The osmiophilic granules and the 
granules stainable with neutral red are interpreted as being the Golgi mate¬ 
rial and the vacuome, respectively. 

8. Osmiophilic granules accumulate around the contractile vacuole during 
the early part of diastole and then are gradually reduced in number. This 
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grandar vacuolar region can be noted in living material. The formation of 
accessory vacuoles in these granular regions involves a solution of these gran¬ 
ules in the vacuolar fluid. This represents a possible method for the elimina¬ 
tion of katabolic wastes. 

9. Neither the vacuome nor the chondriome show any relation to the pulsa¬ 
tory cycle. 

10. The ectoplasm around the vacuolar region during systole shows evidence 
of the presence of a coarse, viscous reticulum in which are embedded the 
granules of the vacuome and with the interstices fllled with fluid ectoplasm 
in which the osmiophilic granules lie. The osmiophilic granules are thus free 
to move into the vacuolar region, while the viscous reticulum retains the vac¬ 
uome granules. 
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PLATE 15 

Photomicrographs by Mr. J. E. Gullberg. 

Fig. 1. Spidinium oaudatum, x 550. Dorsal view of the posterior vacuole in diastole. 

Fig. 2. Ophryoicolex eaudatui, x 900. Oross-section at the levd of the posterior circlet of 
vacuoles. Da Fano silver impregnation. 

Wg.8. Metadinium medium, x650. Parasagittal section of the anterior vacuole. This 
vacuole is near the end of diastole. Compare with pL 16, fig. 81. 

Fig. 4. Bpidinivm oaudatum, x 550. Bight lateral view of whole mount. An over-impreg¬ 
nated specimen showing complete blackening of the vacuoles. 

Fig. 5. Oeiraeodinium monolohum, x 550. Left lateral view of whole mount. All five vac¬ 
uoles are in the resting stage and are surrounded by minute accessory vacuoles. Compare 
with pL 17, fig. 42. 

Fig. 6. Ophryoeoolex oaudaiue, x550. Frontal section showing a pair of vacuoles in 
diastole. 

Fig. 7. Polyplastron multivesieulatum, x 550. Cross-section at the level of the anterior 
ventral vacuole. 

Fig. 8. Budiplodinium maggii, x 650. Bight lateral view of whole mount. Both vacuoles 
are in the early stage of diastole. 
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PLATE 16 


Figs. 9-15. Ophryoscolex caudaiuSf x 1500. Fig. 9, beginning of systole, cross-section; 
fig. 10, diastole, longitudinal section; fig. 11, diastole, longitudinal section; fig. 12, dias¬ 
tole, cross-section. Da Fano silver impregnation; fig. 13, diastole, cross section; fig. 14, 
diastole, cross-section. The large glycogen granules with dark centers are shown in addition 
to the osmiophilic granules. Osmic impregnation, stained with Sudan ITT; fig. 15, resting 
stage, longitudinal section. 

Figs. 16-19 Epidtnium candatunij x 1500, whole mounts. The posterior vacuole in dorsal 
view showing in addition to the vacuole the ])ermanent excretory pore and pellicular stria- 
tions. Fig. 16, diastole;'fig. 17, late diastole; figs. 18-19, resting stages. 
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Figs. 20-28, 33. Polyplastrov uiuUnwsicHlalum, x 1050. C’ycio sliown by the dorsal vac¬ 
uoles. Fig. 20, early diastole, frontal section; fig. 21, diastole, sagittal section; fig. 22, dias¬ 
tole, frontal section; figs. 23-24, middle of diastole, longitudinal sections; figs. 25-26, 
diastole, a comparison of the results of impregnation at 20®-24° V (fig. 25) and impregna¬ 
tion at 30°-32® V (fig. 26), frontal sections; fig. 27, late diastole, cross section; fig. 28, 
late diastole, cross section; fig. 29, resting stage, sagittal section; fig. 33, late diastole, 
sagittal section. 

Figs. 30-32. Mdadunum ititdium, x 800. Fig. 30, early diastole, cro8S-8(‘ction; fig. 31, 
late diastole, parasagittal section; fig. 32, late diastole*, cros8-s(‘ction. Photomicrogra])bs by 
Mr. J. E. Gullbeig. 

Fig. 34. Evdiploduuum maqqxi, / 700. I’osterior Aacuole in early diastole. Frontal sec¬ 
tion, Compare with pi. 17, fig. 44. 

Fig. 35. Otitracodvnuni monoloburHf x 800. Anteiior vacuoles in diastole, frontal section. 

Fig. 36. Eudiplodinum magqu, x 250. Anterior vacuole in the r(*sting stage, the postt‘i ior 
vacuole in early diastole, nhole mount, ('oinpare with pi. 17, fig. 47. 
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PLATE 18 


Figs. 37-38, 40-43. Ostracodinium monolohvm, x 660. Fig. 37, early diastole, frontal sec¬ 
tion; fig. 38, diastole, frontal section; fig. 40, late diastole, whole mount; fig. 41, diastole, 
sagittal section; fig. 42, resting stage, whole mount; fig. 43, late diastole, frontal section. 

Fig. 39. Epidinium caudalum, x 1500. Anterior vacuole in resting stage, cross-section. 

Figs. 44-49. Eudiplodimum maffgii, x 1500. Fig. 44, posterior vacuole in diastole, frontal 
section; fig. 45, late diastole, frontal section; fig. 46, resting stage, frontal section; fig. 47, 
posterior vacuole at the beginning of systole; fig. 48, diastole, whole mount; fig. 49, late 
diastole, whole mount. 
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INTRODUCTION 

Haptophrya michiganensis Woodhead is a large astomatous ciliate found 
in the intestinal tract of the four-toed salamander, Hemidactylium scutatum 
(Schlegel). The range of this salamander is from Massachusetts to Georgia 
and from Arkansas and Missouri to Michigan. It is a small form, the largest 
being only about five inches long, brown on the dorsal surface and white 
speckled with brown on the ventral surface. It creeps actively about in d6bris 
close to water but only the larval life is spent in the water (Blanchard, 1923). 

The ciliate was discovered by Dr. F. N. Blanchard while he was working 
out the life-history of Hemidactylium scutatum. He (1923) found that about 
70 per cent of the salamanders were infected with this parasite, and later he 
found one specimen of Ambystoma jeffersonianum which was also heavily 
infected. The ciliate was described and named by Dr. Arthur E. Woodhead 
(1928), of the University of Michigan. 

Acknowledgments 

The morphology, particularly the fibrillar system, of Haptophrya michi¬ 
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SYSTEMATIC POSITION 

t 

Haptophrya michiganensis belongs to the family Haptophryidae C6pSde 
(= Discophryidae C6pMe, 1910). In his monograph on the astomatous In¬ 
fusoria, C4pMe (1910) included under the name Discophryidae four genera, 
Lachmannella C6pdde, Steinella C6pMe, Discophrya Stein, and Haptophrya 
(Stein, 1859) C4pMe. Discussion has centered about the species Discophrya 
plamriarum (Siebold) and Haptophrya tritonis Certes. Siebold (1845) gave 

[ 251 ] 



262 


University of California Publications in Zoology 


the species the name of Biscophrya planariarum. Stein (1859, p. 89) referred 
to the same species as Opalina planariarum, and also (1860) as Diseophrya 
planariarum. In his ciliate classification (1867, p. 169) Stein used the generic 
name Saptophrya with Diseophrya in parentheses. Maupas (1879) kept the 
name Haptophrya in describing H. gigantea. Kent (1882, pp. 568-671) re¬ 
tained the genus Haptophrya with three species, H. gigantea, H. planariarum, 
and H. tritonis. Biitschli (1889, p. 1717, pi. 65, fig. 2) used the generic name 
Diseophrya, retained the species H. gigantea and H. planariarum, but re¬ 
jected H. tritonis which he thought was probably a Balantidium. 

Collin (1912) in his monograph on the Acinetaria pointed out that Dis¬ 
eophrya had been used as a generic name by Lachmann in 1859 and sug¬ 
gested that Sieboldiella be used instead of Diseophrya for the astomatons 
ciliate genus. C4pMe (1923) changed the name of the family from Disco- 
phryidae to Haptophryidae and accepted the genus name Sieboldiella. He es¬ 
tablished subfamilies, Lachmannellinae, Steinellinae, and Haptophryinae, 
and placed Sieboldiella and Steinella in the subfamily Steinellinae. Bishop 
(1926) retained G5p^de’s classification of 1923 with the suggestion that a 
subfamily, Sieboldiellinae, be created for the genus Sieboldiella, since it dif¬ 
fers in structure and mode of division from both Steinella and Haptophrya. 

Cheissin (1930) considered these grounds insufScient for establishment of 
the subfamily and adoption of the generic name Sieboldiella, but accepted the 
family name, Haptophryidae, and kept the name Haptophrya planariarum. 
Since Haptophrya has priority over Sieboldiella, and since the classification* 
given by Cheissin seems adequate for the family, this classification will be 
followed in this paper. 

Familt SAPTOPHSTIDAE CirtoB 

1. LACHiumnsLiiA 06p6de 

L. BKCUBVA ClaparMe et Tjachmaim 

2. Stkini!:u<a CSSpdde 

S. uirciNATA Schultie 

3. Haptophrya Stein 

H. PLAHABiARxni Siebold 
tH. TRiTOHis Certes 

H. oiOANTXA Maupaa 

H. uiOHioANXNBis Woodhead 

Haptophrya planariarum is found in the intestinal tract of a fresh-water 
triclad, Planaria torva. 

Haptophrya tritonis was found by Raphael Blanchard in the intestinal 
tract of an Alpine Triton and was described briefly by Certes in 1879. 

Haptophrya gigantea, the type species, described and named by Maupaa 
in 1879, is found in Discoglossus pictus, a frog found in northern Africa. 
This species has also been found in Bam esculenta. ,, 

Haptophrya michiganensis is more closely related in size, form, structure, 
and habits to H. gigantea than to any of the other species. 
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Matebial and Methods 

Some fixed parasites were obtained from the University of Michigan. Liv¬ 
ing salamanders were procured from the vicinity of Ann Arbor through the 
kindness of Dr. Woodhead and were kept for several months in cool, damp 
moss. 

In order to obtain the parasites, the salamanders were killed and the in¬ 
testinal tracts removed. If infection was at all heavy the ciliates could be seen 
through the intestinal wall, particularly just posterior to the stomach, in pink 
clumps which were sometimes so large that the intestine was distended to 
several times its normal diameter. In very heavy infections, some parasites 
could be found throughout the entire length of the small intestine and in the 
rectum. No parasites were found in the stomach. 

For observation in living animals, the intestinal tract was put into tap 
water or into one-fourth normal saline solution in a watch glass and opened. 
Most of the ciliates are found attached by suckers to the intestinal wall, so 
close together that they give the appearance of a brush. A few very small ones 
of the bud type are found free in the intestinal contents. Sometimes large 
animals are found detached, curled up, and inclosed in a mucous sheath. The 
ciliates leave their places of attachment rather slowly but when detached 
move about freely, swimming by means of cilia which cover their entire sur¬ 
face, and by worm-like body undulations. If left for some time in the watch 
glass, many become attached to the bottom by their suckers. 

A marked difference is to be noted between the forms in the anterior part 
of the intestine and those in its posterior portion and in the rectum. In the 
anterior part the animals are generally very long and few are to be seen in 
division stages. In the posterior portion the animals are generally short and 
are dividing rapidly, forming chains of three, four, or five segments. Occa¬ 
sionally a salamander is found in which the parasites are dividing rapidly 
throughout the entire length of the intestine and chains of three, four, or five 
animals are the rule. No periodicity of division was observed. The ciliates 
show a great variation in activity and in the granular content of the cyto¬ 
plasm. The diameter of the animals remains about the same regardless of the 
length (fig. A, 1-3). 

The parasites live in one-fourth normal saline solution for a week, the very 
short ones living the longest. Woodhead (1928) kept them alive in half- 
strength physiological salt solution for thirty days. After the first day, how¬ 
ever, they become vacuolated and are unfit for study or for experimental 
purposes. 

Vital Staining 

Janus green B, Bismarck brown, and neutral red were used as vital stains. 
Janus green B in aqueous solution of about 1 to 10,600 parts very satisfac¬ 
torily demonstrated mitochondria. Bismarck brown stained mitochondria but 
darkened the whole cell so that it was not particularly satisfactory for any 
definite structure. 
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1^. A. 1,2,3, camera lucida drawings showing various lengths of the ciliate. 4. Divi¬ 
sion showing primite and one satellite. 6. Division showing primite and two satellites. 
6. Division showing primite apd three satellites. All x 100. 



Bush: Morphology of Haptophrya michiganensis Woodhead 255 


Neutral red in weak aqueous solution was mixed on a coverslip with a drop 
of tap water containing the animals. The coverslip was then inverted over 
the cavity of a hanging-drop slide and sealed with vaseline. In using alcoholic 
neutral red, a coverslip was filmed and dried, after which a drop of water 
containing animals was put on the slip which was then inverted and sealed 
as before. In this way the animals could be observed conveniently. Staining 
required from fifteen minutes to an hour. 

Some of the ciliates were treated with a mixture of neutral red and Janus 
green B in order to test differential staining. 

Preparations for study could be kept a week or more by treating the stained 
material with a mixture of equal parts of glycerine and saturated solution of 
picrate of ammonium, and sealing the slides with parafiSn, following the 
method of Mayer (1889). This process served to fix the color and preserve 
the animals. 

Fixing and Staining 

For whole mounts and for sections, the following fixatives were used: 
Schaudinn’s, Zenker’s, Bouin’s, Champy’s, Da Fano’s cobalt-nitrate-formalin, 
and Zirkle’s copper-dichromate mixture. Of these Schaudinn’s, Zenker’s, and 
Champy’s gave the most satisfactory results. 

For sections, pieces of intestine containing the parasites were fixed without 
disturbing the latter. This method proved to be more satisfactory than sec¬ 
tioning the free forms unless orientation of the animals was desirable. For 
free animals the capsule method of imbedding was followed. By using cap¬ 
sules cut in half longitudinally, the animals could be placed in any position 
desired. For study of the fibrillar structure the sucker was dissected out, 
stained, and destained under the microscope. 

Various stains were used. Some good results were obtained with Delafield’s 
hematoxylin, but, for general structure and for fibrils, Heidenhain’s iron 
hematoxylin and osmic impregnation were the best. Counterstaining the 
hematoxylin preparations with eosin and light green made attractive slides 
but served no useful purpose. Mallory’s triple connective tissue stain was 
used for fibrils. 

Champy’s, followed by osmic impregnation according to Kolatschev’s 
method as described by Bowen (1928), proved to be excellent for study of the 
Golgi material and of the structure of the contractile canal. A section of 
intestine containing ciliates was fixed in Champy’s at room temperature, 
washed for twenty-four hours in distilled water, and put into 2 per cent osmic 
acid. Eighteen to twenty days were required for satisfactory impregnation. 
After sectioning, the preparations were bleached in turpentine from twenty- 
four to forty-eight hours, twenty-four hours giving the more satisfactory 
results. 

Da Fano’s, followed by silver impregnation, according to the Yabroff 
method (1928), gave good results for the Golgi apparatus and also showed 
the structure of the accessory bodies of the neuromotorium. Impregnation 
required from seven to twelve days. 
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Klein’s silverline method (1926) -was used but with no great sncoess. Gelei’a 
silverline method (1931) was somewhat more satisfactory for this particular 
animal, since, in this method, the material does not require drying as in 
Klein’s method (pi. 19, fig. 4). Noland’s fixative and stain for flagella and 
cilia gave good results. 

Expebiuents 

In coordination experiments the suckers were removed with very small 
knives, made from fine needles ground to an edge, under a dissecting micro¬ 
scope or under the low power of a binocular microscope. 

MORPHOLOGY 

Observations on Living Material 
SIZE AND POBM 

Haptophrya miehiganensis is an extremely large ciliate varying in length 
from 200 to 1580/ii. The diameter at the anterior end is from 50 to 60/t and 
this diameter remains almost constant regardless of length. When the animal 
is swimming about, the body is slightly larger and somewhat flattened dorso- 
ventrally at the anterior end, gradually tapering toward the posterior end 
which is about 15/t in diameter and is roimded, unless it has recently given 
off a bud (pi. 19, fig. 1). In that event the posterior end is almost square or has 
two projecting tips on the lateral margins, which mark the last two points 
of attachment to the posterior animal (fig. A, 4-6). 

The most conspicuous parts of the ciliate are the sucker, the macronucleus, 
and the contractile canal (pi. 19, fig. 1). The large sucker, which is almost cir¬ 
cular, is on the ventral side at the anterior end. When the animal is detached, 
the sucker is flattened and saucer-shaped, but when it is attached the sucker 
grasps from six to ten intestinal epithelial cells and is recessed in the form of 
a cup. The epithelial cells are drawn into the cavity forming a sort of papilla 
(pi. 20, figs. 17-18). It is obvious that the cells may be injured mechanically 
by the suction since the cilia are sometimes pulled away entirely. 

The long, ellipsoidal macronucleus in the resting phase is located just be¬ 
hind the sucker, nearer the ventral than the dorsal side (pi. 20, fig. 14). It is 
sometimes very short but may be one-fifth as long as the body. Its length bears 
no constant ratio to the length of the animal (fig. A, 1-3). Its diameter does 
not vary greatly in different animals. The macronucleus can be seen easily 
unless the cytoplasmic granules are exceptionally abundant. Large smooth 
granules, each surrounded by a narrow halo, are visible imbedded in its sur¬ 
face. The membranous micronuclear sacs, which look like tiny bubbles, can 
be seen sometimes projecting slightly from the surface of the macronucleus. 

The contractile canal appears as a tube along the dorsal surface, extending 
from the anterior end, dorsal to the sucker, to the posterior end, where it is 
attached to the ectoplasm. The ends of the canal are ch»ed. Sometimes it is 
almost straight, sometimes convoluted until its length is greater than that of 
the animal. The canal opens to the outside by means of short, dorsally dixueted 
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tabules located at rather re^ar intervals (pi. 21, fig. 20). The number of 
these tabules varies from five to fifteen or more, depending upon the length 
of the animal. The pores from these tabules can be seen as a series of openings 
along the mid-dorsal line in the living animal, and more distinctly in the 
stained material (pi. 19, figs. 2, 4). The first pore is usually dorsal to the pos¬ 
terior edge of the sucker, the last one about an equal distance from the 
posterior end. 

The canal contracts rather irregularly, at intervals of from three to ten 
minutes. The contraction may begin at the anterior end and proceed pos¬ 
teriorly throughout the entire length of the canal, or it may begin at any point 
and stop at any point. It may begin on each side of a pore and proceed toward 
the pore. The contraction forces the contents of the canal out through the little 
tubes. The process can be followed better if the animals are put into water 
containing powdered carmine or India ink or into aqueous neutral red 
solution. 

That the walls of the contractile canal are permanent and structurally 
intact is shown by the fact that, in sections, pieces of the canal become de¬ 
tached but retain their tubular form; in wounded animals, the canal may 
project beyond the broken surface. 

In complete diastole, the contractile canal is about lOfi in diameter (pi. 21, 
figs. 23-24); in systole, it is about half that diameter (pi. 21, fig. 22). In dias¬ 
tole its walls are very thin and contain thin, flattened vacuoles (pi. 21, fig. 23). 
Not infrequently, thin cross-partitions divide the lumen into sinuses. As 
systole begins, the vacuoles expand and the walls of the canal contract until 
the vacuoles meet those opposite, thus closing the lumen of the canal (pi. 21, 
figs. 21-22). The vacuoles then discharge into the canal and the walls of the 
latter relax to the original diameter of diastole. 

The animal is covered throughout with numerous, very fine cUia. Those 
back of the sucker are bn long and are arranged in close longitudinal rows. 
Those on the sucker and around its edge are lOyit long. Peculiar transverse 
rows of long cilia are found on the ventral side just posterior to the sucker. 
The cilia are all used in locomotion. There is no evidence that those on the 
sucker in any way assist adhesion. 

In swimming, the cilia move in double spiral waves which cross, making a 
net-like pattern, beginning at the anterior part and traveling posteriorly. 
Sometimes the waves become almost longitudinal in the middle of the body 
and then form the pattern again at the back. This pattern is sometimes caught 
and retained in fixed aniniRlR. Particles of carmine which are drawn into the 
sucker area are borne as if in a whirlpool to its center, then are carried back¬ 
ward, sometimes being thrown rather violently aside by the long cilia just 
posterior to the sucker. 

The pellicle is relatively thin but is resistant to pressure and to mechanical 
change. It is very permeable, since vital stains are taken quickly and a saline 
solution stronger than one-half normal will cause plasmolysis, distorting the 
animals greatly. 
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The cytoplasm is divided into two distinct regions, the ectoplasm and the 
endoplasm. The ectoplasm forms a thin, firm layer around the body, thicken¬ 
ing somewhat at the posterior end, and forming a thick, disk-like pad which 
constitutes the greater part of the sucker at the ventral anterior end. The 
ectoplasm is somewhat vacuolated, especially in the posterior region and in 
the sucker pad. 

The endoplasm is divided into two parts, an outer alveolar layer and an 
inner denser part. In individuals showing no sign of preparation for division, 
the inner part forms a long cone, large in the sucker region and tapering back 
to the posterior end. Large alveoli are found just back of the sucker. The 
macronucleus is included in the anterior part of the endoplasmic cone (pi. 19, 
fig. 1). This cone is broken down in dividing animals. 

Cytoplasmic granules, which give tlie pink color to the parasite, are found 
in all parts of the endoplasm but are especially numerous between the ecto¬ 
plasm and the endoplasm, around the contractile canal, and around the endo¬ 
plasmic cone. These granules stream about in the protoplasm, being most 
active in the region of the contractile canal where the flow usually moves 
anteriorly. 

Observations on Fixed Material 

In animals stained with iron hematoxylin or impregnated by osmic acid, 
the c 5 i;oplasmie granules are so dark that the internal structure is obscured. 
Careful destaining and sectioning are necessary in order to work out the 
detailed structure of the organelles and to trace the entire fibrillar system. ' 

ECTOPLASMIC STEUCTUBE8 

The ectoplasm, which is separated from the endoplasm by a distinct line of 
demarcation, appears as a bluish, hyaline layer somewhat thickened in the 
posterior part and extremely thick in the sucker pad. Sections show that it 
consists of a thin pellicle, an alveolar layer, and thickened inner layer which 
is designated as the cortical plasma. The alveoli are especially noticeable in 
sections of the sucker, less so in the thickened posterior part and around the 
periphery of the animal. The contractile canal is evidently of ectoplasmic 
origin, since it appears as the peripheral ectoplasm, except that the vacuoles 
in its walls retain the stain (pi. 21, figs. 19-20). 

Stained whole mounts show numerous, longitudinal rows of cilia with their 
basal granules, the latter deeply stained, running from the sucker somewhat 
spirally to the right when the animal is viewed from the ventral side. Longer 
cilia, with large basal granules which form a circle around the edge of the 
sucker, are crowded into indefinite rows. Posterior to the sucker, the long 
cilia, already noted in the living animal, have large basal granules and form 
branching rows which begin at a point on the animal’s left and extend fan¬ 
shaped around to the right (pi. 20, fig. 11). Cilia on the sucker are longer than 
those on the remainder of the animal. Those on the suck^ of a resting 
are arranged irregularly; those on one which is incompletely reorganised 
after division are in longitudinal rows. 
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Cross-sections show that the basal grannies are large, rod-shaped, and al¬ 
most as long as the peripheral ectoplasm is thick. Tangential sections show 
that the basal granules are connected by longitudinal fibers and by very deli¬ 
cate transverse commissures, which are observed with difficulty. A pattern of 
more or less regular squares results (pi. 19, fig. 2; comm,, fig. B, 2). IQein’s 
and Gelei^s silverline methods demonstrate this pattern in faint outline and 




Fig. B. Haptophrya michiganensis. 1. Diagrammatic section showing one-fourth of the 
animal body in the region of the macronucleus, through the contractile canal. 2, Diagram of 
the anterior part of ^e neuromotor system: aoc, mot., accessory motorium; has. pr., basal 
granules; comm,, commissures; coarse fibr., coarse fibrils; oont. can,, contractUe canal; 
cont. can. fihr., contractile canal fibrils; ectopl., ectoplasm; endopl,, endoplasm; endoph 
cone, endoplasmic cone; endopl. fihr,, endoplasmic fibrils; fibr. ring, fibrillar ring; macro., 
maoronucleus; mot., motorium; nuo. memb., nuclear membrane; nuo. fibr,, nuclear fibrils; 
pell., peUicle; periph. myon,, peripheral myonemes; rad. conn., radial connectives; rad. 
ffiyon., radial myonemes; retie, fibr., reticulate fibrils. 
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stain deeply the granular lines around the contractile canal pores. Just be* 
neath the cytoplasm, and adhering to it, are longitudinal myonemes which 
are stained with iron hematoxylin (pi. 19, figs. 3, 5). There are about forty- 
eight of these, almost equally spaced, around the middle of the animal, but 
there are fewer around the posterior part. Pour ciliary rows to one myoneme 
is the average so that there are approximately 200 longtitudinal rows of 
cilia. The relation of the two is shown in sections (pi. 19, figs. 3, 5). 

The sucker appears as a hyaline disk in the center of which is a dark-stain¬ 
ing body surrounded, at a little distance, by a dark ring the diameter of which 
is about 30ja or two-thirds of the diameter of the disk (pi. 19, fig. 1; pi. 20, 
fig. 8). Fibrils radiate from the sucker region to the periphery (pi. 20, figs. 10, 
13,16; pi. 21, fig. 30; rad. myon., fig. B, 2). 

Staining brought out the conspicuous net-like appearance produced by the 
vacuoles in the contractile canal walls (pi. 21, figs. 19-20). The lines, which 
can be observed in living animals, are stained heavily by iron hematoxylin 
and are impregnated deeply by osmic acid and faintly by silver. The tubules 
leading from the lumen of the contractile canal through the ectoplasm to the 
surface are homogeneous, evidently of ectoplasmic origin, and they show no 
lines except around the pores (pi. 21, figs. 20, 22). During diastole these ex¬ 
cretory tubules are guarded by temporary membranes which are broken when 
the canal contracts and forces its contents out. 

The contractile canal is held in place by the excretory tubules and by fibrils 
which radiate from its surface outward to the ectoplasm and to the surround¬ 
ing endoplasm. A vacuolated area is left around it, which probably facilitates 
its action (pi. 20, figs. 14-15). 

ENDOPLASMIC STEUCTT7BE8 

As stated before, the endoplasm consists of two distinct parts, an outer 
alveolar part and an inner endoplasmic cone. The peripheral layer of the 
outer part, containing numerous cytoplasmic granules, consists of small 
alveoli while the inner part is highly vacuolated (pi. 20, figs. 14-15). The 
endoplasmic cone is very dense except in the anterior part adjoining the 
sucker, and around the macronucleus where the alveoli are extremely large. 
Granules are numerous around this cone (pi. 19, fig. 1). Fibrils radiate from 
the endoplasmic cone to the ectoplasm (pi. 20, fig. 15) and from the sucker 
obliquely across the large alveoli of the anterior part to the ectoplasm (pi. 20, 
figs. 10,16). 

Haptophrya michiganensis possesses one macronucleus and one or more 
micronuclei. The macronucleus is very large, varying from 100 to 175/t in 
length and from 20 to 25/* in width. It is peculiarly segmented, the segments 
being unequal and marked of! by shallow constrictions which show plainly in 
stained material. The macronucleus, which stains readily with iron hema¬ 
toxylin, consists of a spongy stroma supporting large chromatin granules. 
The granules can be observed in living animals. In stained preparations they 
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contract somewhat but persistently retain the stain (pi. 21, fig. 28). Sections 
show that they are vacuolated. They vary in size from barely visible to 4/i, and 
are spherical, ovoid, club-shaped, or irregular in form. Some granules show 
division, particularly at the time of division of the macronucleus (pi. 21, 
fig. 26). The macronucleus is not impregnated by osmic acid or silver. 

The micronueUi, of which there may be from one to six, or even as many 
as fourteen, lie in depressions in the macronucleus (pi. 21, fig. 28). They may 
be arranged in clusters or scattered at random over the surface. Each micro¬ 
nucleus is inclosed in a delicate membrane and is supported by fine fibrils 
which extend from the micronucleus to the membrane. They are ovoid or 
spindle-shaped and show minute granules which take the hematoxylin stain 
much as do the granules of the macronucleus (pi. 21, fig. 28). 

A nuclear membrane incloses both the macronucleus and the micronuclei 
and this membrane is supported by fibrils which extend out to the ectoplasm 
(pi. 20, fig. 14; pi. 21, fig. 26). 

Various types of cytoplasmic granules in this protozoan can be identified 
through selective staining and by a study of the size and form of the granules. 

Janus green B used as an intra-vitam stain serves to distinguish granules 
varying in size and shape from barely visible spherical forms to the rod-like, 
P 3 Tiform, or irregular forms, some of which are 2/i in length. These granules 
are scattered at random throughout the endoplasm but are most numerous in 
the peripheral layers outside the endoplasmic cone. The rod-like and the small 
spherical grannies are stained more deeply than the pyriform or irregular 
ones. These results are similar to those described by Bichardson and Homing 
(1931) in a study of the protoplasmic structures in the binucleated opalinids. 
These workers conclude that the rod-like, deeply staining granules are the 
true mitochondria and that the pyriform and the irregular ones are “vegeta¬ 
tive granules,” a term used earlier by Homing (1925) to designate storage 
products which are synthesized at the surface of the mitochondria, given off 
into the cytoplasm, and absorbed. The close contact of some of the rods and 
the vegetative granules as described in the binucleated opalinids, was not 
observed in Haptophrya michiganensis. 

Bismarck brown stained both the mitochondria and the granules as well as 
the cytoplasm very deeply and so was not satisfactory for differential pur¬ 
poses. All the cytoplasmic granules were stained by iron hematoxylin but only 
the mitochondria and the vegetative granules were stained by Janus green B. 
Excepting very small spherical particles, the mitochondria and the vegetative 
granules can be distinguished from the other granules by their peculiar forms. 
The granules stainable with Janus green B do not appear in fixed animals. 

The vacHome, a term used to designate the sum total of the inclusions 
which are stained readily with neutral red, consists of very small granules 
and large, irregularly rounded granules about 1/t in diameter. The small 
granules are scattered throughout the endoplasm but the large granules col¬ 
lect around the contractile canal and are sometimes so numerous that they 
obscure it. They are in close contact with the outer surface of the canal but 
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do not adhere to it nor enter the lumen of the canal. When the animal contorts, 
the granules are moved about and can be followed easily in the streaming 
protoplasm near the canal. 

In the ciliates that were put into a mixture of equal parts of neutral red 
and Janus green B, the large granules around the contractile canal took up 
the neutral red quickly. The Janus green B was taken up slowly by the mito¬ 
chondria and the vegetative granules but not at all by the large neutral red 
granules, indicating that the two are distinct elements. 

Oolgi apparatus appears in the form of uniform, small, spherical granules 
scattered throughout the ectoplasm and endoplasm. These small granules may 
be free, or surrounding, or partly surrounding a larger secretory particle 
(pi. 19, figs. 6-7). In sections the Golgi apparatus is most easily observed in 
the vacuolated endoplasm and around the contractile canal (pi. 19, fig. 7; 
pi. 20, fig. 17). Many granules are found in the small vacuoles of the sucker 
pad so that the latter appears almost black in osmic preparations (pi. 20, 
figs. 17-18). 

The conclusion that these granules are Golgi elements is based on the cri¬ 
teria given by Bowen (1928), namely, (1) they are consistently impregnated 
by osmic methods, (2) by silver, and (3) the osmic- and the silver-impreg¬ 
nated granules resist destaining by ordinary methods. That the granules im¬ 
pregnated by osmic and by silver are the same is shown by the fact that they 
are similar in size, form, arrangement, and location. No other granules are 
deeply stained by the silver. In osmic preparations turpentine is a satisfac-* 
tory bleaching agent. After several hours in this reagent, the secretory par¬ 
ticles become gray while the Golgi elements remain black (pi. 19, fig. 6). 

The membranous walls of the vacuoles formed in the contractile canal are 
darkened by the osmic impregnation, and to a lesser degree by the silver, 
giving the appearance of a network of lines over the surface of the entire 
canal, except over the discharging tubules whose walls are not vacuolated. 
The blackening was apparently due to a disintegration of Golgi material. 

A neutral red preparation was made on a coverslip and inverted over 
the cavity of a hanging-drop slide containing osmic acid. The results were 
watched for three days. The large red granules along the contractile canal 
could be followed easily. They lost the red color but were not darkened by the 
osmic acid as the other granules were. These observations lead to the conclu¬ 
sion that in this protozoan the vacuome and the Golgi apparatus are two dis¬ 
tinct elements, as was found by MacLennan (1932) to be true also in the 
Ophryoscoleeidae. 

The Golgi apparatus has been worked out by Nassonov (1925) in another 
astomatous ciliate, Dogielella spherii Poljansky. In this ciliate the Golgi ma¬ 
terial appears around the contractile vacuole as a fibrous, wreath-like circle 
which i )3 completely filled when the vacuole is in the diastole phase. Hirschler 
(1924) suggests that the fibers are the result of over-*aapregnation due to 
warm fixation and that the Gk>lgi material is in reality granular as is usual in 
the Protozoa. 
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King (1926) described large granules which are supposed to be Golgi ma¬ 
terial in Hoplitophrya brasUi (Leger and Duboscq) Hentschel. These gran¬ 
ules are large and pear shaped and consist of two materials, one deep-staining 
with iron hematoxylin after Champy’s, the other light-staining. These gran¬ 
ules are stained by neutral red also. 

NEUROMOTOR SYSTEM 

The term ‘^neuromotor apparatus” is used here to designate an integrated 
system of fibrils which center in a mass located in the sucker. Because of the 
arrangement of the fibrils and of experimental results, it seems probable that 
this system is concerned with the coordination of the movements of the ciliate. 

The neuromotor apparatus consists of six parts: (1) a central motorium 
with accessory bodies; (2) a fibrillar ring homologous to the esophageal ring 
of other forms; (3) radial myonemes from the internal surface of the sucker 
to the ectoplasm; (4) peripheral myonemes; (5) fibrils connecting the basal 
granules; (6) supporting fibrils of the nuclei. 

In order to coordinate all parts of the system, it is necessary to begin with 
a description of the fibrillar ring. This ring appears at first glance to be merely 
a dark circle in the thickest part of the sucker. Detailed study, however, dis¬ 
closes that it consists of fibrils arranged in a band-like ring with the width of 
the band equal to the thickness of the sucker pad. Coarse fibers form loops in 
the band and these support a reticulated arrangement of more delicate fibers 
except in the ventral part where no coarse fibers are in evidence and where 
the finer fibers form a much smaller-meshed network {fibr, ring, fig. B, 2; 
pi. 20, fig. 8). In osmic fixation, which makes the animals extremely brittle, 
the coarse fibrillar structure is sometimes found detached from the rest of 
the system. 

In the center of the fibrillar ring is a mass extending inward from the in¬ 
terior surface of the sucker and varying in size from quite small to about one- 
fourth of the diameter of the fibrillar ring. It is attached to this ring at its 
inner edge by radial connectives {rad, conn,, fig. B, 2; pi. 20, figs. 8, 9, 12). 
This mass will be designated as the motorium, a center for coordinating the 
motor parts of the animal. The reasons for this are as follows: (1) it is con¬ 
nected, directly or indirectly, with all parts of the fibrillar system; (2) it is 
near the anterior end of the ciliate; (3) if, with this mass, the sucker is re¬ 
moved, the animal loses its power of worm-like forward movement even 
though the cilia continue to beat; and (4) a toxic substance acts first upon 
the anterior part, particularly the sucker, whereupon the animal ceases its 
forward movement. The motorium can be seen in some living specimens as 
a transparent mass, outlined when the animals are put into aqueous neutral 
red solution. It stains deeply with iron hematoxylin and is easily detached. 

Accessory bodies which, the staining seems to indicate, are similar in struc¬ 
ture to the motorium, may be found suspended from various points on the 
inner edge of the ring, but the largest and most often seen is suspended from 
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the reticulated threads of the ventral part of the ring (pi. 21, figs. 29-32). 
This aceessoiy body appears in various forms and may be connected with 
the motorium by a mass of material similar in structure. Fragments of this 
body are given off, move backward, divide, and, certainly in some individuals, 
disintegrate. Staining shows that the accessory body and the fragments are 
alike in structure and that they are made up of two materials. Heidenhain’s 
iron hematoxylin stains some parts much more deeply than others (pi. 21, 
figs. 29-32). With silver, the fragments become yellow in the outer part and 
pink in the inner (pi. 21, fig. 25). It is noticeable that neither the accessory 
bodies nor the fragments are evident in dividing forms. The neuromotorium 
can be seen in some of the anterior animals of dividing catenular chains. A 
large, ventral, accessory body can occasionally be observed in living animals. 

Long, very coarse, radial myonemes are given off from the sucker at the 
inner edge of the fibrillar ring, both dorsally and laterally. They extend 
radially to the ectoplasm, dividing into fine fibrils at their outer ends (pi. 20, 
figs. 10,13,16 ; pi. 21, figs. 29,31). At least some of the fine fibrils connect with 
peripheral myonemes. Similar fibrils are given off from the sucker outside of 
the ring (pi. 20, figs. 9,10,13). This arrangement of fibers leaves large alveo¬ 
lar spaces unobstructed for the macronucleus and the accessory bodies. 

The peripheral myonemes arise at about equal spaces from the external 
edge of the fibrillar ring and continue to the posterior end, sometimes branch¬ 
ing anteriorly, and anastomosing posteriorly (pi. 19, fig. 5; periph. my on., 
fig. B, 2). These fibrils adhere to the cortical plasma and are closely associated' 
with the basal granules (pi. 19, figs. 3,5). 

Delicate commissures connect the rod-shaped hasdl grannies at their inner 
ends, making a close network over the entire body (pi. 19, fig. 2; has. gr., 
comm.,fig. B, 2). 

FtbriJs which support the nuclear membrane originate in blobs of cytoplasm 
on the membrane and extend to the ectoplasm, branching at their outer ends. 
Clumps of granules may be in evidence where these fibers extend through the 
outer margin of the endoplasmic cone (pi. 20, fig. 14; nuc. fibr., fig. B, 1). 
Fibrils also arise in the cytoplasmic cone and extend out to the ectoplasm 
(pi. 20, fig. 15; endopl. fibr., fig. B, 1). 

Mallory’s triple connective tissue stain, usually specific for neural fibers, 
did not given the distinctive results in this ciliate that were described by 
Sharp (1914) in Diplodinium. The fibers, however, were stained somewhat 
more deeply than the surrounding cytoplasm. 

REPRODUCTION BY CATENULAR BUDDING 

Asexual reproduction by transverae division is the usual method of multi¬ 
plication in Haptophrya miehiganensis. The animal divides into two; then 
the posterior animal divides before it is completely reorganized and before the 
anterior animal has divided again (fig. A, 5). By a repetition of this division 
a chain of five, six, or more animals is produced. Of these, the anterior one is 
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the longest and is designated as the primite, the others as satellites (Maupas, 
1879). When there are three animals in a chain, they are graded in length, 
the posterior one being the shortest (fig. A, 5, 6), The buds produced by divi¬ 
sion are much smaller than the original animal. 

Several changes take place in an animal preparing for division. The num¬ 
ber of micronuclei increases and these distribute themselves near the ends of 
the macronucleus so that when the latter divides each half will be accom¬ 
panied by several micronuclei. In one specimen, eight were seen on the an¬ 
terior half of a dividing macronucleus and six on the posterior half (pi. 21, 
fig. 26). The division stages could not be followed, but numerous elongated 
and thickened micronuclei were found which showed both fine granules and 
blobs of deep-staining material irregularly arranged (pi. 21, fig. 27).The dense 
endoplasmic cone breaks down, allowing the macronucleus, with the micro- 
nuclei, to move posteriorly. When about halfway back, the macronucleus con¬ 
stricts into two equal, or almost equal, parts (pi. 21, fig. 26). Occasionally a 
small piece of a daughter macronucleus will be constricted off at the level of 
division, but this is not the rule. Woodhead (1928) apparently regarded this 
as an indication of macronuclear degeneration. 

A clear band is formed in the middle of the body at right angles to the 
dividing macronucleus and the body wall constricts until the two animals are 
eventually separated. The last two points of attachment are two tips on the 
lateral margins of the posterior part of the anterior animal, which are at¬ 
tached one on each side of the newly formed sucker of the posterior animal. 
The two animals do not become independent until the sucker on the posterior 
is completely formed. The new suckers are not in a direct line with the orig¬ 
inal sucker, but at an angle of about 30 degrees (fig. A, 4). 

The contractile canal is pinched in two, the anterior part remaining at¬ 
tached to the ectoplasm of the first animal, the posterior part forming a blind 
sac in the anterior end of the second animal. 

As previously stated, neither the accessory bodies of the motorium nor the 
fragments are seen in dividing forms, though the motorium can sometimes be 
seen in the center of the sucker of the anterior animal. Subsequent history of 
the dividing animals could not be followed. 

Neither conjugation nor encystment was observed. 

EXPERIMENTS 
SusoEPTiBiLrrT Gradient 

During the preparation of the material used, it was noticed that various 
substances, such as strong neutral red solution and turpentine, caused a cessa¬ 
tion of movement of cilia at the anterior end first. Thk, together with the size, 
structure, and method of reproduction by catenular budding, suggested that 
this protozoan would be good material with which to test the susceptibility 
gradient theory (Child, 1914). ECN in 0.1 per cent solution and 35 per cent 
alcohol were used in addition to the neutral red and turpentine. 



266 


University of California Publications in Zoology 


Strong^ neutral red solution caused a cessation of movement of the cilia at 
the anterior end first, gradually becoming effective backward along the cell; 
the cilia at the posterior end were the last to beat. Turpentine, used as a lipoid 
test, gave results similar to those produced by the strong neutral red, but, in 
addition, as it became effective it also removed the cilia antero-posteriorly. 
The cilia, many of them with their basal granules, moved about by Brownian 
movement, making it easy to follow the effects of the poison. 

The cyanide and alcohol gave results similar to those described above. The 
ciliates were stimulated at first and swam about rapidly, then began to die, 
the forward-directed movement ceasing when the poison affected the sucker 
region. 

In dividing specimens consisting of the primite and one satellite, the effect 
of the toxic substance was first noticed in the sucker of the primite, then in 
the sucker of the satellite. Inactivity proceeded gradually posteriorly from 
each sucker until all cilia ceased to vibrate, those at the extreme posterior end 
being the last to cease movement. 

In chains consisting of primite and two satellites, inactivity began at the 
sucker of the primite and continued backward. When about a fourth of the 
primite had become inactive, the sucker of the first satellite became inactive, 
then the sucker of the second satellite. The toxic effect proceeded backward 
from these three points. These results varied considerably with the stage of 
division. If the new suckers were well advanced in organization and the buds 
were almost ready to separate, the sucker region seemed to be more susceptible 
than in the earlier stages. 

These results indicate that the sucker regions have a high rate of metabol¬ 
ism and that the rate is higher when the sucker is well organized than when 
division has just begun. 

Transmission 

No cysts of Haptophrya michiganensis have been found and the method of 
transmission is as yet unknown. In an effort to find the method of transmis¬ 
sion of the parasite and to learn whether either Batrachoseps attenuatus, the 
California salamander most like Hemidactylium scutatum in appearance and 
habits, or the larval form of Triturus torosus is susceptible to the infection, 
the following experiments were performed. (1) Parasites in all stages found 
in the intestine of Hemidactylium were fed to six Batrachoseps. (2) Parasites 
in all stages found were injected into the rectum of each of six Batrachoseps. 
(3) Fifteen Hemidactylium and twelve Batrachoseps were put into the same 
jar and left for twelve weeks. (4) Parasites in all stages found were put into 
tap water with a dozen larvae of Triturus torosus. 

The Batrachoseps and the Triturus larvae were killed at intervals of from 
one to two weeks over a period of three months. No ciliates were found in the 
intestine of the Batrachoseps to which the parasites were fed, nor in those 
which received the injected parasites. Of the twelve associated in the jar with 
Hemidactylium, two contained a few dead parasites each after six and eight 
weeks, respectively. The dead parasites may have been the forms surrounded 
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by a mucous sheath, described earlier in this paper, which occur in the intes^ 
tine of Hemidactylium, and which may have passed out of the intestine and 
been taken up by the Batrachoseps. No eiliates were found in the intestines of 
the larvae of Triturus. 

SUMMARY 

Haptophrya michiganensis^ an astomatous ciliate, is particularly interest¬ 
ing because of its extremely large size, its structure, and its habit of living 
attached by a sucker to the epithelial lining of the intestine of the four-toed 
salamander, Hemidactylium scutatum. Much of its structure can be observed 
in the living form. The sucker, macronucleus, contractile canal, and endoplas¬ 
mic cone, are specially noticeable. The cj’^tostome has probably been lost as a 
result of parasitism. The contractile canal of Haptophrya michiganensis, like 
that of Haptophrya gigantea, consists of a long tube with numerous, dorsally 
directed excretory pores. It has developed apparently from the fusion of 
many contractile vacuoles, each with its own excretory pore. The ciliate is 
entirely covered by about two hundred rows of cilia and moves about by 
ciliary action and by worm-like undulations of the body. 

The sucker consists mainly of a thick, disk-like ectoplasmic formation. The 
macronucleus, which contains large chromatin particles, and the micronu¬ 
cleus are enclosed in a common membrane. The contractile canal is a perma¬ 
nent structure and appears as a tube enclosed by a network of lines—an ap¬ 
pearance due to the walls of the vacuoles formed within the tube. 

Haptophrya michiganensis has an integrated neuromotor system consisting 
of the following parts: (1) a fibrillar ring homologous with the esophageal 
ring of stomatous eiliates; (2) a motorium in the center of the fibrillar ring 
and connected with it by radial connectives—associated with the motorium 
are accessory bodies of varying size and shape; (3) numerous myonemes 
radiating from the interior surface of the sucker to the opposite walls, pos¬ 
teriorly and laterally; (4) equally spaced peripheral myonemes arising from 
the exterior edge of the fibrillar ring, adhering to the cortical plasma of the 
ectoplasm and extending to the posterior end of the animal; (5) commissures 
connecting the basal granules, forming a close network over the entire body; 
(6) supporting fibers from the nuclear membrane, the endoplasmic cone, and 
the contractile canal to the peripheral ectoplasm. 

Differential staining was used to identify mitochondria, vegetative gran¬ 
ules, neutral red granules (vacuome), and Golgi apparatus. The three types 
of granules were found to be distinctly separate in this ciliate. 

Reproduction by catenular budding is described, but no cysts were found 
nor was conjugation*observed. 

Exposing the animals to various toxic substances showed that they were 
most susceptible to poisons in the sucker region, which is probably the region 
of greatest metabolic activity. This susceptibility develops progressively in 
the satellites of the catenular chains. 

Attempts to transmit the parasite to Batrachoseps attenuatus and to the 
larvae of Triturus torosus were unsuccessful. 
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EXPLANATION OP PLATES 


AU figures were drawn with the aid of a camera lueida. Abbreviatioiui for methods of 
preparation: Ch., Ohampj’s fluid; D*, Da Fano’s fluid; G., Gtelei’s silverline; Heiden- 
bain’s iron hematoxylin; 0., osmic impregnation; 8., Schaudinn’s fluid; Y., Yabroft’s 
silver impregnation; Z,, Zenker’s fluid. 


PLATE 19 

Fig. 1. Ventral view of Haptophrya m%ch%ganen8%8, showing suekeri macronucleus, and 
contractile canal. No staining, x 350. 

Fig. 2. Section showing basal granules with longitudinal fibrils and transverse com¬ 
missures, and a pote of an excretory tubule. S. H. x 1000. 

Fig. 3. Cross-section of ectoplasm showing cilia, basal granules, pellicle, alveolar layer, 
cortical plasma, peripheral myonemes. 8. H. x 1000. 

Fig. 4. Section showing basal granules with connectives and excretory pore. G. x 1000. 

Fig. 5. Section of cytoplasm showing basal granules and peripheral myonemes. S« H. 

x1000. 

Fig. 6. Golgi apparatus. Ch. 0. x 1000. 

Fig. 7. Golgi apparatus around contractile canal. D. Y. x 1000. 
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PLATE 20 


Fig. 8. Anterior ventral end ot* Haptophrya michigavensis showing arrangement of 
fibrils in sucker. S. H. x 480. 

Fig. 9. Sagittal section through the anterior end showing motorium, macronucleus, and 
fibrils. Z. II. x 480. 

Fig. 10. Sagittal section through sucker showing the ventral accessory body of moto- 
rium. Z. H. a 480. 

Fig. 11. Basal granules of sucker region and beginning of longitudinal ciliary rows. 
S. H.X480. 

Fig. 12. Tangential section through inner part of sucker showing motoriuni with 
radial connectives. Z. H. x 480. 

PMg. IH. Tangential section through sucker, following that in figure 12, showing radial 
inyonemes. Z. H. x 480. 

Fig. 14. Horizontal section of body through inacronuchuis, showing contractile canal 
and cytoplasmic cone. Z. H. x480. 

Fig. 15. Horizontal section through body behind niacrouucleus, showing cross-section 
of endoplasmic cone. Z. 11. x 480. 

Fig. 10. Transverse longitudinal section through sucker showing motoriuin, macro- 
nucleus, and radial m^’onenies. Z. 11. x 480. 

Fig. 17. Sagittal section through sucker showing ciliate grasping epitlndial cells of 
intestine. Fh. 0. x 480. 

Fig. 18. Tangential section through sucker showing sucker grasping epithelial cells. 
Vh. 0. x480. 
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PLATE 21 


Eigs. 19-20. Soc'tions of tlu‘ contractile canal showing net-liko pattern made hj vacuole 
walls. Figure 20 shows excretory tubule through ectoplasm. S. II. x 800. 

Fig. 21. Longitudinal s('ction of contractile canal showing vacuole formation. S. H. 
x800. 

Fig. 22. Longitudinal section of contractile canal at excretory pore in systole; vacu¬ 
oles closing lumen. S. 11, x 800. 

Fig. 2,3. Ijongitudinal section of contractile canal in diastole, showing structure of 
w'alls of canal. Ch. O. x 800. 

Fig. 24. Cross-section of contractile canal in diastole. C3i. O. x 800. 

Fig. 25. Fragment of accessory body of motorium showing structure. D. Y. x 1000. 

Fig. 20. Macronucleus in division; micronuclei on surface. S. H. x 480. 

Fig. 27. Micronucleus (‘iilarged, piesumably pre])aring to divid(‘. S. H. x 1000. 

Fig. 28, Macronucleus with inicromiclei imbedded in its surface, showing structure of 
both nuclei. 8. H. x 1000. 

Figs. 29-32. Anterior end of ciliate showing fibrillar ring, radial myonemes, motorium, 
accessory bodies, and fragments of accessory bodies. Z. H. x 480. 
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THE ORGANIZER IN TRITURUS TOROSUS 
(RATHKE) AND ITS ROLE IN THE 
DEVELOPMENT OF THE 
MEDULLARY PLATE 

BT 

A. MANDEL 8CHECHTMAN 


INTRODUCTION 

The factors concerned in the formation of the medullary plate in urodeles 
have been the subject of several recent theories. The most fundamental con¬ 
tribution was that of Spemann and H. Mangold (1924) who found that the 
dorsal blastoporal lip of the early gastrula can induce a neural tube in pre¬ 
sumptive epidermis. A short time later Marx (1925) showed that the archen¬ 
teric roof functions as an organizer, and he suggested that the formative 
stimulus which changes the development of the ectoderm in the direction of 
medullary material emanates from the arehenteric roof. Holtfreter (19336) 
considers a subjacent archenteric roof absolutely necessary to the formation 
of the medullary plate; no self-differentiative factors whatsoever are in¬ 
volved : “Die Enstehung der Medullarplate ist also nicht doppelt gesichert, 
sondern der mesodermalen Unterlagerung fallt die voile Verantwortung 
dafiir zu, wie sich die indiflferente Ektodermschicht formal und histologisch 
gestaltet” (p. 411). Goerttler (1927) described experiments which led him to 
the conclusion that differentiation of the neural anlage depends upon charac¬ 
teristic movements which occur in this material. This has been termed the 
theory of dynamic determination. Holtfreter (1933a) could not verify Goert- 
tler’s results and denies any causal relationship between movements of ma¬ 
terials as such and medullary differentiation. 

The formation of the medullary plate may also be explained as completely 
dependent upon self-inherent factors. Whether or not such factors are to 
be identified with those postulated by Goerttler, is immaterial. This may be 
referred to as the theory of self-differentiation, and the results of Goert- 
tler’s experiments upon axolotl and Pleurodeles (1926) lend it support. Erd¬ 
mann (1931) holds that, in Amblystoma, pure presumptive medullary mate¬ 
rial of the blastula, isolated long before it becomes lined with archenteric 
roof, is capable of developing into medullary plate. 

Lehmann (1928) conceives of the determination of the neural plate as a 
double process, involving both self-differentiation and induction by the ar¬ 
chenteric roof. The medullary anlage at the beginning of gastrulation is con¬ 
sidered a center of labile determination, which gradually fades out at the 
periphery into indifferent material. The archenteric roof in some way sup¬ 
plements the partial determination already present in the medullary anlage. 

[277] 
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The aim of the present series of experiments was twofold. It seemed desir¬ 
able, in the first plaee, to ascertain the extent to which certain results ob¬ 
tained with European Amphibia, notably Triton, are applicable to Triturus 
torosus, the most abundant urodele on the Pacific Coast of North America. 
Secondly, it seemed possible that a study of the degree of differentiation oc¬ 
curring in explants grown in vitro with and without the organizer might 
throw some light upon certain factors involved in the emergence of the medul¬ 
lary plate in Triturus. The problem was undertaken at the suggestion of 
Professor J. Frank Daniel, and was carried out during the spawning season 
of 1933. 

MATERIALS AND METHODS 

All experiments were made exclusively upon Triturus torosus. The fact that 
eggs of this salamander vary greatly in degree of pigmentation increases 
their value in transplantation experiments, for a darkly pigmented egg may 
be used as donor, and a relatively lightly pigmented specimen may serve as 
host. 

The operations were performed by means of the hair loop and steel needle- 
knife in wax-bottomed Stender dishes. Eggs selected for operation were 
washed seven to ten times in sterile water and were kept during and after the 
operation in Stender dishes half-filled with sterile Holtfreter’s solution (Holt- 
freter, 1931). Hair loops and needles were sterilized in 70 per cent alcohol and 
rinsed several times in sterile water just before use. 

The operations performed involved the removal of rectangular pieces of 
tissue from embryos in various stages of development. In the transplantation 
experiments the early gastrula served as host. The implant was inserted by 
way of a slit made in the chorion (Dotterhautchen) and the roof of the gas¬ 
trula. As gastrulation proceeds the implant usually comes to lie between the 
ectoderm and the yolk mass of the host. Retention of the chorion was found 
to be of importance both in reducing the percentage of infections and in per¬ 
mitting normal gastrulation. In the explantation experiments the bits of tis¬ 
sue were maintained upon beeswax in Holtfreter’s solution. 

A total of 889 operations was performed. A representative group composed 
both of specimens showing induction and those in which no induction was 
evident was selected for sectioning. Embryos were fixed in Bouin’s fluid, im¬ 
bedded in paraffin (M.P. 55°-58® C) containing a small amount of beeswax, 
cut 10/i thick, and stained with dilute picro-indigo-carmine followed by Dela- 
field’s hematoxylin. In sections lightly stained the natural brown pigment of 
the egg is easily seen, and thus identification of the implant is facilitated. 

TOPOGRAPHICAL MAP OP THE EARLY GASTRULA 

The topographical hap indicating the presumptive organ anlagen of the 
early gastrula in Triton (Vogt, 1929) has provided a more accurate basis 
than hitherto available for experiments in which the reactions of the various 
enlagen are tested under different conditions. While vital-staining experi¬ 
ments upon Triturus torosus have shown tiiat the boundary between presump- 
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tive epidermal and medullary materials occurs, as in Triton, in the region of 
the animal pole, or approximately opposite the early blastopore (Schecht- 
man, 1932), the boundaries of the various other anlagen have not yet been 
ascertained. Since, however, the validity of the experiments herein described 
depends in part upon a knowledge of the topographical relationships of cer¬ 
tain presumptive anlagen, preliminary vital-staining experiments were car¬ 
ried out. The following experiment is illustrative of the results obtained. 

In vital-staining experiment number 39, three series of alternating red and 
blue marks were placed on the early gastrula, one side of which is shown in 
plate 22, figure 1. These marks were observed during subsequent develop¬ 
ment until the medullary plate appeared (pi. 22, fig. 2). Since marks 18-15 
appeared on the anterior portion of the medullary folds and extended into the 
adjacent epidermis, the boundary between presumptive medullary and epi¬ 
dermal materials of the early gastrula may be drawn as a line extending from 
mark 18 through and below mark 15. The location of this boundary shows 
some variation even among some eggs from the same clutch. 

Marks 4-1 were carried toward the blastopore during gastrulation, and in 
the neurula were observed in the epidermis (pi. 22, fig. 2). Only mark 1 en¬ 
croaches upon the medullary fold. We may therefore conclude that in the 
early gastrula the corresponding series of marks occurred near the lower 
end of the presumptive epidermal material and that the region between marks 
4-1 and 18-15 is presumptive epidermis. This was further shown by actually 
placing marks within this territory. 

Marks 12-14 stretched toward the blastopore daring gastrulation and 
came to occupy a portion of the left side of the medullary plate, extending 
only a very short distance into the blastopore. We may therefore represent 
the lower boundary of the presumptive medullary material as a line which 
would pass through the lower edges of marks 12-14. 

The information thus derived forms a sufficient basis for the present ex¬ 
periments, allowing us with a certain degree of accuracy (see p. 283) to extir¬ 
pate areas of known prospective significance and to observe their reactions 
under a variety of experimental conditions. 


LOCALIZATION OF THE ORGANIZER 

Transplants prom the Early Gastrula Stage 

Transplants were obtained from five regions of the early gastrula: (1) 
presumptive epidermis, (2) presumptive medullary plate, (3) dorsal lip of 
blastopore, (4) lateral lips of blastopore, and (5) ventral lip of blastopore. 
In about 75 per cent of the host embryos receiving dorsal lip implants, the 
epidermis lying above the implant develops into a secondary medullary 
plate. The cells elongate greatly in a direction roughly perpendicular to 
the surface of the embryo. The nuclei become elliptical, their major axes 
tending to lie parallel to one another. The adjacent epidermis is lifted into 
folds. Externally the secondary medullary plate appears as a definitely delim- 
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ited, somewhat sunken, and darkly pigmented area of variable form. During 
subsequent development the secondary medullary folds approach each other 
and fuse, thus producing a neural tube. 

Embryo number 833 presents a typical example (pi. 22, figs. 3, 4, 5). The 
implant was composed of the right half of the dorsal blastoporal lip. Both 
the primary and the secondary medullary plates were already well devel¬ 
oped when the egg was observed for the first time after the operation (fig. 3). 
The secondary plate was bifurcate anteriorly, with well developed folds, and 
darker in color than the rest of the egg. At the next observation the folds had 
closed (fig. 4). The previously observed anterior bifurcation of the secondary 
neural structure was not noticeable; a stubby, tail-like extension was seen 
near the posterior end. Sections of the embryo revealed two neural tubes of 
about equal size (pi. 22, fig. 5, nt. and nP.). The implanted right half of the 
dorsal lip had differentiated into chorda and somite material. 

The present specimen also affords an opportunity to describe certain rela¬ 
tionships observed throughout the experiment between the morphology of the 
secondary neural tube and the configuration of the organizing material. In a 
larger part of the present specimen the secondary neural tube has the typical 
form, the walls being thickened while the roof and floor are relatively thin (pi. 
22, fig. 6 »#*.). This condition gives way to one in w'hich the basal portion of 
the tube is composed of cells more elongated than those forming the roof. The 
transition between the above-mentioned two types of neural tubes is shown in 
figure 5. 

Correlated with this changing morphology in different regions of the tube 
are certain configurations of the implanted chorda and somite materials. 
The typically formed portion of the tube occurs as long as the chorda re¬ 
mains in contact with it, dividing the somite material into two unequal masses 
(fig. 6). The transitional condition shown in figure 5 occurs just before the 
chorda becomes separated from the secondary neural structure by somite 
material; thereafter the anomalous type of neural tube shown in plate 22, fig¬ 
ure 7 is present. The relationships observed are in all essentials similar to 
those which have been recorded in the common English frog by Jenkinson 
(1915), and in Triton by Lehmann (1926, 1928) and by others, indicating 
the formative influence of the chorda and somites in the morphogenesis of the 
neural tube. 

Implantation of the lateral blastoporal lips is also followed by the appear¬ 
ance of a secondary medullary plate. Ventral lip implants, however, in many 
specimens produced no external evidence of induction. Occasionally, struc¬ 
tures which superficially resembled small neural folds were observed. The 
sections of such specimens showed them to be pseudo-medullary structures, 

entirely lacking in the histological characteristics of neural material. 

« 

Presumptive medullary or epidermal materials gave no eyidenoe of induc¬ 
tive capacities. Several doubtful structures were shown to be pseudo-medul¬ 
lary; the superficial resemblance to a neural anlage was probably caused by 
the peculiar configuration of the underlying implanted material. 



Scheehtman: The Organizer in Triturus torosua (Bathke) 281 


Tbakspiants fbom thb Middus GASTBUiiA Stage 
Embryos designated as mid-gastrulae include those having blastopores in the 
form oi&U and those with large circular blastopores. Transplants from the 
following regions were put into the blastocoele, early gastrulae being used as 
hosts: (1) presumptive epidermis, (2) presumptive medullary plate, (3) 
dorsal lip of the blastopore, (4) lateral lip of the blastopore, (5) ventral lip 
of the blastopore, and (6) archenteric roof. In this series of experiments only 
the dorsal and lateral lips and the archenteric roof implants induced second¬ 
ary medullary plates. 

Implants of archenteric roof material were obtained by extirpating a wide, 
mid-dorsal strip of the embryo, extending from the blastopore to the oppo¬ 
site pole. The strip thus removed consists of two layers, of which the internal 
is the archenteric roof. It is separated from the external by means of the hair 
loop and needle, cut up into pieces of desirable size, and implanted. 

Transplants from the Late Gastrula Stage 
Embryos designated as late gastrulae are those having a very small yolk plug 
or a slit-shaped blastopore. These stages are very close to the end of gas- 
trulation when the main organ anlagen of the embryo have been firmly deter¬ 
mined (Spemann, 1918). Rectangular pieces of tissue were taken from the 
following regions and implanted into early gastrulae: (1) ventral presump¬ 
tive epidermis, (2) presumptive medullary material, and (3) archenteric 
roof. Induction was observed only after implantation of presmnptive medul¬ 
lary material or archenteric roof. 

Plate 22, figure 8, shows a specimen which received an implant of archen¬ 
teric roof; it illustrates at the same time a secondary medullary structure 
oriented in the transverse plane of the host. Incidentally, it should be stated 
that the secondary embryo may occur at almost any angle to the primary, 
although in the majority of occurrences the longitudinal axes of the two are 
approximately parallel. Similar relationships between primary and second¬ 
ary embryos have been observed in Triton (Bautzmann, 1929). Sections of 
the above-mentioned embryo confirmed the existence of a welt developed sec- 
ondAry medullary plate lying against the implanted material. 

Transplantation of Parts of the Neurula ■ 

The following regions of the neurula were implanted into early gastrulae: 
(1) ventral epidermis, (2) medullary plate, and (3) chorda and somites. In¬ 
duction was obtained with the medullary plate and chorda-somite implants 
only. In several series of experiments, morphologically well developed sec¬ 
ondary medullary plates were not observed after implantation of medullary 
material. In other series of experiments from 25 to 40 per cent of the speci¬ 
mens developed externally visible secondary medullary plates. 

Induction by medullary material has been observed in Triton (Mangold 
and Spemann, 1927; Mangold, 1928 and 1929). 
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DEVELOPMENT OP BXPLANTED ANLAGEN 
The preceding experiments have shown that the dorsal and lateral blasto- 
poral lips of the early gastrula, which during gastrulation become the archen- 
teron roof, can so alter the development of presumptive epidermis that it be¬ 
comes a secondary medullary plate. The fact that in normal development the 
process of gastrulation brings the organizer into a position beneath a portion 
of the ectoderm suggests that the normal medullary plate, like plates pro¬ 
duced experimentally, may arise in connection with some influence trans¬ 
mitted from the archenteron roof. If it can be shown, however, that the pre¬ 
sumptive medullary material develops into medullary plate when isolated 
from the rest of the early gastrula, it would seem that a substratum of archen¬ 
teric roof is at least not the sole factor involved. 

Bits of tissue were cut from selected positions on the embryo and main¬ 
tained in Holtfreter’s solution upon a substratum of beeswax. For each series 
of explants, several controls were kept in the same dishes. In order to allow 
sufficient time for development, explants were fixed after the controls had 
finished neurulation. 

The following types of explants were prepared: 

A. Simple ezplants from the early gastrula 

1. Presumptive medullary material 

2. Presumptive epidermal material 

B. Simple explants from the late gastrula 

1. Presumptive medullary material 

2. Presumptive epidermal material 

C. Compound explants from the early gastrula 

1. Presumptive medullary with dorsal lip material 

D. Compound explants from the late gastrula 

1. Presumptive medullary material with archenteric roof 


Simple Explants from the Early Gastrula 
Presumptive Medullary Material 

Plate 23, figure 10 shows a typical example of presumptive medullary ma¬ 
terial from an early gastrula cultured in vitro. Certain of the cells have be¬ 
come elongate and closely packed, and the nuclei somewhat elliptical. No 
medullary folds are present; it is only in the morphology of the individual 
cells that there is a resemblance to medullary material. That a change in cell 
morphology has actually occurred is evident from a comparison with sections 
from the presumptive medullary region of the early gastrula (pi. 23, fig. 9). 
Low columnar cells apparently occur in the latter, but the absence of elliptical 
nuclei arranged with their axes parallel to one another, the looser aggregation 
of the cells, and their relatively cuboid form, indicate a less differentiated 
condition.. 

Erdmann (1931) found that in Amblystoma pure presujoptive medullary 
material could undergo medullary differentiation in vitro. Holtfreter (1933&) 
could observe no such differentiation, except in an occasional cell; the latter 
phenomenon, he suggests, requires further investigation (p. 412). 
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Presumptive Epidermal Material 

Presumptive epidermal explants are divisible into two groups; in some 
specimens a more or less definite amount of the tissue is composed of cells re¬ 
sembling medullary cells (pi. 23, fig. 12), whereas in others no trace of such 
differentiation is discernible (pi. 23, fig. 11). 

“Medullary’’ differentiation in both the presumptive epidermal and the 
medullary explants was usually limited to a comparatively small region of 
the total explanted tissue (pi. 23, fig. 12). Sometimes a greater part of the 
material showed “medullary” differentiation (pi. 23, fig. 10). In all specimens 
at least a portion of the explants was composed of approximately cuboid cells 
bearing no resemblance whatsoever to medullary cells. These facts suggested 
that perhaps there was involved some unsuspected difficulty in estimating 
the extent of the presumptive epidermal material and that in this difficulty 
might lie the explanation of the occurrence of localized areas of “medullary” 
and non-meduUary differentiation in the same explant. Experiments under¬ 
taken to test this possibility indicate that at least two disturbing factors must 
be considered in evaluating the results obtained. 

In the first place, what degree of accuracy can be expected in estimating 
the boundary between presumptive epidermal and medullary materials? Nile 
blue sulfate was used to stain a single mark near the animal pole of ten early 
gastrulae. In seven of these the mark occurred on the transverse fold of the 
neurula or in the extreme anterior end of the medullary plate. In one animal 
the mark lay well within the medullary plate. In two the marks were found 
in the epidermis. Judgments concerning the boundary between presumptive 
medullary and epidermal materials are therefore fairly but by no means abso¬ 
lutely accurate. This may be attributed, at least to some degree, to variations 
in the eggs themselves. 

A second possible source of difficulty should be considered in the prepara¬ 
tion of explants from the presumptive medullary and epidermal regions. In 
vital staining experiments the chorion remains intact, but in explantation the 
chorion must necessarily be removed. The relatively soft egg then tends to 
flatten out and thus to alter topographical relationships ascertained by vital 
staining experiments. 

Consideration of these technical difficulties suggests that the occurrence of 
“medullary” and non-medullary differentiation in the same explant may pos¬ 
sibly be referred to the inclusion of portions of both presumptive epidermal 
and medullary materials in the explants. 


Simple Explants from the Late Gastrula 
Presumptive Medullary Material 

Pure presumptive medullary material from the late gastrula, in contrast 
with similar material from the early gastrula, develops into a much thicker 
plate of densely packed and greatly elongated cells (pi. 23, fig. 13). The 
higher degree of differentiation is unmistakable. It appears that the associa- 
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tion of this material with the rest of the embryo during gastrulation results 
in an increased capacity to differentiate medullary cells. The presence of the 
organizer alone is sufficient to produce this increased differentiative capacity 
as is shown by the experiments with compound ezplants. 

Presumptive Epidermal Material 

Presumptive epidermal ezplants from the late gastrula develop into hollow 
or partly solid masses of cells, without any signs of medullary differentiation. 

Compound Ezplants from the Early Gastrula 
Presumptive Medullary with Dorsal Lip Material 

Presumptive medullary material of the early gastrula, while it shows a ten¬ 
dency to differentiate into cells resembling medullary cells when maintained 
in vitro (pi. 23, fig. 10), stands in sharp contrast to similar material cultured 
in contact with dorsal lip tissue of the early gastrula (pi. 23, fig. 14). The 
more elongate cells in the latter form a thicker and more compact plate. The 
degree of differentiation approaches that already described for pure pre¬ 
sumptive medullary ezplants from the late gastrula (pi. 23, fig. 13). Contact 
with the organizer alone thus produces histological changes in the medullary 
anlage similar to those which appear in normal gastrulation. 

It is to be noted that no differentiation into chorda and somites is visible in 
the dorsal lip material in plate 23, figure 14. The ability to induce is thus ap¬ 
parently not dependent upon differentiative processes in the organizer. A 
similar independence between capacity to induce and histological differentia¬ 
tion has been observed in the presumptive medullary material of Triton (Man¬ 
gold, 1929). 


Compound Ezplants prom the Late Gastrula 
Presumptive Medullary Material with Archenteric Roof 

Such ezplants develop the elongate cells already described for compound 
ezplants from the early gastrula and for pure presumptive medullary ex¬ 
plants from the late gastrula. 


DISCUSSION 

The abhjITT of presumptive medullary material of the early gastrula to dif¬ 
ferentiate elongate cells when cultured in vitro (pi. 23, fig. 10) suggests that a 
substratum of archenteric roof may not be the sole factor involved in medul¬ 
lary plate formation. Whether or not there is already present in the future 
neural material at this early stage of development a tendency toward medul¬ 
lary differentiation, depends entirely upon the significance of the elongate 
cells already described. 

Cells of Giis shape are not limited exclusively to the medullary plate; they 
are, for example, to be found lining the blastoporal groove and in the early 
somites. At the present time we can only say that the presumptive medullary 
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material after ezplantation into Holtfreter’g solution is capable of differen¬ 
tiating elongate cells resembling medullary cells even before it becomes lined 
by the chordamesodermal substrate. In no circumstances could the explanted 
presumptive neural material, isolated from the chordamesoderm, develop a 
structure possessing the formal characteristics of the medullary plate. This, 
however, is hardly to be expected since the explants constitute only a fraction 
of the entire anlage. The presumptive medullary material has inherent ca¬ 
pacities for medullary differentiation in the sense that at least some of its 
cells, independently of the organizer, can undergo certain histological changes 
involved in the production of the medullary plate. 

The effects obtained by adding dorsal lip tissue (pi. 23, fig. 14) clearly in¬ 
dicate that whatever differentiative capacities may be present in the prospec¬ 
tive nervous material are supplemented by factors connected with the chorda¬ 
mesoderm. 

In contrast to its meager differentiative capacities indicated at the begin¬ 
ning of gastrulation, the medullary material of the late gastrula is capable of 
marked differentiation (pi. 23, fig. 13) even when isolated from chordameso¬ 
dermal tissue. This may be explained as a result of close association with the 
chordamesodermal substratum during the period of gastrulation. When such 
association is produced experimentally by fusion of presumptive medullary 
plate of the early gastrula with dorsal lip, the presumptive medullary mate¬ 
rials of the early and late gastrulae show more similar differentiative capaci¬ 
ties (cf. figs. 13 and 14). 

These data suggest that the development of the normal medullary plate 
may involve factors already present in the presumptive medullary material at 
the beginning of gastrulation as well as others connected with the organizer. 
The results of certain recent experiments are perhaps only apparently contra¬ 
dictory to this view. Thus Eakin (1933) could ascertain no medullary differ¬ 
entiation in the presumptive medullary material of Trituras torosus when nor¬ 
mal gastrulation was prevented by filling the blastocoele with a gelatin mass. 
Holtfreter (19336) obtained exogastrulae in the axolotl after removing the 
chorion in the blastrula stage. Embryos were obtained in which the ectoderm 
was almost completely separated from the entomesoderm, forming irregularly 
folded masses without any sign of medullary differentiation. Holtfreter con¬ 
cludes that the presumptive neural material of the early gastrula, without a 
mesodermal substratum, is incapable of any medullary differentiation what¬ 
soever. 

It should be recalled, however, that the experimental procedure and condi¬ 
tions of the work herein reported are different from those involved in the work 
of Eakin and of Holtfreter. Considering the fact that the differentiation of 
any tissue involves extrinsic factors to a greater or lesser extent, the results of 
the above workers are not, therefore, necessarily opposed to the suggestions 
presented in the present paper. A fuller treatment of the problem will follow 
in a later paper. 
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SUMMARY 

1. Several recent theories concerning the factors involved in the formation 
of the medullary plate in urodeles are briefly characterized. 

2. The method used in the present experiments involved the excision and 
cultivation in the blastocoele or in vitro of bits of tissue from embryos of Tri- 
turns torosus, at various stages of development. 

3. The locations of the presumptive epidermal and medullary materials of 
the early gastrula were ascertained by the use of vital stain. 

4. Of the parts of the embryo tested, well developed inductive capacities 
were found in the following: 

A. The dorsal and lateral lips of the early gastrula stage 

B. The dorsal and lateral blastoporal lips and the archenteric roof of the 
middle gastrula stage 

c. Archenteric roof and presumptive medullary material of the late gas¬ 
trula stage 

D. Chorda-somite and medullary materials of the neurula stage 

5. Normal configuration of the secondary neural tube is related to the nor¬ 
mal arrangement of the chorda and somites. 

6. Presumptive medullary material of the early gastrula, isolated before it 
comes into contact with the substratum of archenteric roof, is capable, under 
the conditions involved in the present experiment, of producing occasional 
elongate cells resembling the medullary type. 

7. A. Elongate cells were observed in explants supposedly composed of 
“pure” presumptive epidermal material of the early gastrula. 

B. From a consideration of the localized nature of such medullary differen¬ 
tiations, and the diflBculties involved in estimating the boundary between pre¬ 
sumptive epidermal and medullary regions, it is suggested that medullary 
differentiation in supposedly presumptive epidermal material may possibly 
be referred to encroachment upon the presumptive medullary region. 

8. Presumptive medullary material from the early gastrula cultured in con¬ 
tact with dorsal lip of the blastopore exhibits a degree of differentiation more 
closely resembling that which occurs in explanted medullary material from 
the late gastrula. 

9. The presumptive medullary material of the early gastrula appears to be 
capable of a certain degree of self-differentiation in the sense that, after ex¬ 
plantation, some of its cells, independent of a chordamesodermal substrate, 
can undergo certain of the histological changes involved in the development 
of the medullary plate. 

10. It is pointed out that conclusions of certain recent studies, apparently 
contradictory to the conclusions expressed in the present pq^er, are probably 
to be referred to different experimental procedures and conditions. 
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EXPLANATION OP PLATES 

All figures drawn with the aid of a camera lueida. 


PLATE 22 

Pig. 1. Locations of stains (4-1; 18-16; 18-14) in the early gastrula of Trituru$ toro- 
8US, no. 39, view of the left side, x ea, 17. hp., blastopore. 

Pig. 2. Locations of the stains (4-1; 18-16; 18-14) in the neurula of Triturue toronn, 
no. 89, view of the left side, x ca, 17. bp,, blastopore ; mp., medullary plate. 

Pig. 3. Early stage in development of secondary embryo after implantation of dorsal 
blastoporal lip of the early gastrula in Triturus torosus, no. 833, view of the right side. 
X ca, 17. a/., and a/*., primary and secondary neural folds, respectively. 

Pig. 4. Later stage in development of secondary embryo in Triturus torosus, no. 833, 
view of the right side, x ca. 17. at., and af., neural tubes of normal and induced embryos, 
respectively. 

Pig. 5. Cross-section through Triturus torosus, no. 833. x 25. ar., archenteron; chK, im¬ 
planted chorda; at., primary neural tube; at*., induced neural tube., SD^, implanted somite. 

Pigs. 6 and 7. Cross-sections through Triturus torosus, no. 833. x 45. ch\ implanted 
Chorda., at*., induced neural tube; so\, implanted somites. 

Pig. 8. Secondary medullary plate after implantation of archenteric roof of the late gas¬ 
trula in Triturus torosus, no. 252, ventral view, x oa, 17. mp\, induced medullary plate; a/., 
primary neural fold. 
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PLATE 23 


All figures except figure 9 are from objects maintained tw vitro until control embryos had 

completed neurulation. 

Fig. 9. Longitudinal section through presumptive medullary material of the early gas- 
trula of Tritnrus torosus, x 266. ch., chorion. 

Fig. 10. Section through an explant taken from presumptive medullary mateiial of the 
early gastrula of Trtivnts torosvs, no. 576-2. x 76. 

Fig. 11. Section through an oxplant taken from presumptive epidermal material of the 
early gastrula of Tnturvs torosu,% no. 814-4. x 76. 

Fig. 12. Section through an explant taken from presumptive epidermal material of the 
early gastrula of Triturm toroms^ no. 675-1. x 76. 

Fig. 13. Section through an explant taken from presumptive medullary material of the 
late gastrula of Trifurvs torosus, no. 642-4c. x 76. 

Fig. 14. Section through a compound explant composed of presumptive medullary and 
dorsal blastoporal lip materials of Tritnrus torosus^ no. 578-13/. x 70. d/., dorsal blastoporai 
lip material; /np., medullary material. 
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THE EFFECTS OF METHYLENE BLUE AND OTHER 
OXIDATION-REDUCTION INDICATORS ON 
EXPERIMENTAL TUMORS 

BY 

MATILDA MOLDENHAUEB BBOOKS 

INTEODUCTION 

These experiments* were done to see whether the oxidation-reduction in¬ 
dicators could be used to cause recession of experimental tumors in animals. 

They were begun in the spring of 1930 under a grant from the Medical 
Research Fund for Cancer of the University of California Medical School, 
and continued until the spring of 1933 under additional grants from the 
Christine Breon Fund and the Cancer Fund established by a friend, of the 
same school, the Board of Research of the University of California, and the 
National Research Council of Washington, D. C. These acknowledgments are 
gratefully made. The experiments were done with the assistance of Miss 
Elizabeth Wood and Miss Virginia Condit. 

The theory on which these experiments were based has been given in the 
studies by W. M. Clark (1922) on oxidation-reductions and by Warburg 
(1923) on the metabolism of normal and tumor tissues. Warburg established 
the fact that tumor tissue is characterized by abnormal carbohydrate meta¬ 
bolism, obtaining most of its energy from glycolysis rather than from respira¬ 
tion. If, therefore, one were able to produce respiration in tumor tissue at the 
expense of glycolysis, it might be possible to change the tissue into normal 
growth. In order to see if this could be brought about, methylene blue was 
used, because it increases the rate of Og consumption and therefore the rate 
of metabolism. This property of methylene blue was first noted by Palladine 
(1911), then by Heymans and Maigre (1922), Ileymans and Heymans 
(1922), and others. Genevois (1928) first ascribed this increased Og consump¬ 
tion to the catalytic action of the dye in experiments with Chlorella, Shortly 
afterward, Harrop and Barron (1928) came to the same conclusion. 

In order to see whether the redox potential of methylene blue caused the 
effect of this dye, Genevois (1928) inquired into the relation between the 
potential and the rate of Oj consumption, showing that those dyes which have 
a low redox potential (Rapkine, Struyk, and Wurmser, 1929) are not so 
effective as those ivhose potential is in close proximity to that of methylene 
blue. The studies of Barron and Hoffman (1930) on marine eggs also show 

* Preliminary report in the Proc. Soc. Exp. Biol, and Med., 30:1001,1933. In a review of 
this paper (Am. Jonr. Cancer, Sept., 1933) W. H. Woglom comments that injections of 
Binger’s solution would have produced the same results as those of methylene blue. In the 
preliminary report it was not expUcitly stated that controls included sets both with and 
without injections of Binger's. In this full report it will be seen that Woglom's assump¬ 
tions were incorrect and his explanation of my results therefore not valid. Even without 
specific mention of the controls used, the fact that the other four dyes gave no promising 
results is sufficient to negate Woglom's criticism. 
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this and their conclusions are in agreement with those of Genevois in ascrib¬ 
ing the catalytic action of the dye to its position on the redox scale. 

Therefore it seemed appropriate to use not only methylene blue but also 
some of the other indicators for comparison, to see whether the tissue would 
respond to the “poising” effect (Clark, 1922) of the various indicators at 
different levels, or whether that of methylene blue alone would be effective, if 
at all. 

EXPEEIMENTS 

The dtes selected covered the range of easily reducible indicators whose Eo' 
is strongly positive, to easily oxidizable indicators having a negative E,'. 
Those used in these experiments, together with their Eo' values and their 
designations by number, were as follows: 


No. 

Indicator 

Eo' 

At pH 

Brand 

1 

0-chloro phenol indo- 
phenol. 

-I-. 1966 

7.45 

LaMott Chemical Co. 

2 

0-cresol indophenol. 

+ .1609 

7.52 

LaMott Chemical Co. 

3 

methylene blue. 

-.003 

7.49 

Merck’s medicinal 

4 

neutral red. 

-.370 


Coleman & Bell 

5 

brilliant cresyl blue. 

/+.020 

\+.033 


GrObler’s 


The calculations for the first three indicators were taken from Clark’s 
(1922) results; no. 4 and no. 5 from Rapkine, Struyk, and Wurmser (1929); 
no. 5, second figure, from Cohen and Preisler (1931). 

This report comprises two sections. In Section 1 all five oxidation-reduc¬ 
tion indicators were used, while in Section 2 methylene blue only, which was 
found the most effective, was used. The two sections will be discussed sep¬ 
arately. 

Breeds of Animals 

Rats came from the New York State Institute for Malignant Diseases. Mice 
came from the Hooper Foundation of this University; the Memorial Hos¬ 
pital of New York City—a strain carrying a spontaneous mammary carci¬ 
noma, sent by Dr. Bagg; Dr. Millard Marsh, the New York State Institute 
for Malignant Diseases—strain 3; the Roscoe B. Johnson Memorial Labora¬ 
tory, Bar Harbor, Me.—an inbred brown strain. 

Since we had difficulty in obtaining litters with the last two breeds, the re¬ 
sults reported will deal with the “Hooper” and “Memorial” mice only. 

o .. ^ KiNDOPTtJMOB 

Section 1. 

Rat tumor no. 1 from the N. Y. S. I. M. D. 

Mouse tilmor no. 1a, spontaneous tumor from “Memorial” mice. 

Section 3, ‘ * 

Rat tumor no. 2, Crocker Institute, no. 256/94a. 

Mouse tumor no. 2a, Crocker Institute, Mouse sarcoma 180/328b. 
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My thanks are extended to all the institutions above mentioned for their 
courteous cooperation; to Dr. Sundstroem, of the Department of Biochemis¬ 
try, University of California, for supplying the first rats, and for other cour- 
tesies; and to Dr. K. F. Meyer, of the Hooper Foundation, for encouragement 
and support. 

Methods op Implantation and Treatment 
Implantations were made into three-month-old animals. Small pieces of 
minced tumor tissue taken from the actively growing area of a tumor were 
implanted subcutaneously by means of a trochar under aseptic technique. 


TABLE 1 

Implantations and Results 


AnimAlfl 

Total 

number 

inoculated 

Takes 

(number) 

Nontakee 

(number) 

Died 

from other 
causes 

Takee 
(per cent) 

Nontakes 

(percent) 

Tumor no. 1 — rats. 


390 

210 

20 

63 

28 

Tumor no. 1a— mice. 

267 

90 

148 

29 

34 

51 

Tumor no. 2—rats. 

300 

282 

14 

4 

94 

5 

Tumor no. 2a — mice. 

160 

114 

30 

16 

71 

19 


When the tumor had grown to about 1 cm. in diameter in rats, or 0.5 cm. 
in mice, injections of one of the dyes were begun. The time necessary to pro¬ 
duce tumor growth large enough for treatment to be begun varied with the 
different tumors and the size of the transplants, which could not be accu¬ 
rately gauged, even though attempts were made to keep the amount implanted 
close to 1 cu. mm. In the rats, tumor no. 1 required about three weeks; in the 
mice, tumor no. 1a, about one month, to attain the size appropriate for ex¬ 
periment. The Crocker tumor of rats and mice, no. 2 and no. 2a, grew faster, 
and required about two weeks. 

The indicators listed above were used in the form of freshly made aqueous 
solutions whose concentration was 0.01 per cent for rats and 0.001 per cent 
for mice. Ringer-Tyrode’s solution without glucose (hereinafter called “Rin¬ 
ger solution”) was used as a solvent, the dry dye being first dissolved in a 
few drops of distilled water, and the Ringer solution then added. These solu¬ 
tions were sterilized at 100® C for one hour. The precipitate thus formed was 
redissolved by bubbling in COj from pressure tanks. Since Ringer solution is 
well buffered at a pH of 7.5, it was assumed that neither the dye nor the COg 
introduced any significant change in pH. This method of making and using 
the solutions obviates error caused by precipitation or deterioration of the 
dyes. Control injections were made with 0.85 per cent NaCl and with Ringer 
solution. 

The amount of dye injected was governed by the size of the tumor, which 
in the later experiments was measured by calipers, twice or thrice weekly. 
This is admittedly a crude measure, since the tumors were often far from 
spherical; in such experiments the longest diameter was recorded. In general 
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0.2 cc. of solution was injected for each 0.5 cm. of tumor diameter. The amount 
could not be made proportional to the volume of the tumor, for example, 0.2 
cc/ (0.5 cm.)*, because the larger amounts of dye would have been toxic, es¬ 
pecially to the mice. In small doses all the dyes used have been found nontoxic 
for tissues of all kinds. The largest dose in rats was never more than 1 cc.; in 
mice, 0.5 cc. All injections were limited as far as possible to rapidly growing, 
nonnecrotic regions of the tumor. They were given at first three times a week 
and later six times a week. The more easily reducible dyes were found to have 
been almost entirely.reduced soon after injection; theoretically, however. 


TABLE 2 
Sbotioit 1. Bats 


Treatment 

Total 

number 

Died 

Regrened 

Pereentage 

of 

regreBsions 

Days 

to 

regreM 

Days 

to 

death 

Untreated. 

123 

62 

WM 

58 

21 

18 

Ringer’s. 

77 

36 


65 

20 

16 

Dye no. 1. 



mm 

57 

41 

36 

Dye no. 2. 



46 

55 

20 

21 

Dye no. 3. 



8 

67 

13 

21 

Dye no. 4. 


28 

30 

59 

17 

14 

Dye no. 5. 


10 

14 

68 

22 

17 


some dye would always be present in the oxidized state, and a continuous flux 
or cycle of oxidation and reduction would be going on. 

It is to be noted that much of the dye remained localized in the tumor, as 
shown by the color of the tumors examined at autopsy. When the dye was in 
the reduced form, the color reappeared on exposure of the cut surfaces to air. 

Bbsults 

The two sections into which these experiments are divided differ in the num¬ 
ber of dyes used and in the types of tumor studied. More satisfactory tumors 
for both rats and mice were employed in Section 2. 

Mouse tumor no. 1a (Section 1} was satisfactory in that it never produced 
any regressions, but it required a long time to grow. Mouse tumor no. 2a (Sec¬ 
tion 2) gave some regressions, but the tumor grew very fast. Spontaneous re¬ 
gressions (differing from those in which the tumor grew to an appreciable 
size before disappearing) were found in all groups, both treated and un¬ 
treated, to the extent of about 10 per cent. In these the tumor always re¬ 
mained very small, never exceeding about 0.5 cm. in diameter, and then dis¬ 
appeared. Such cases are not included in the counts made of either treated or 
untreated animals as reported in any of the tables accompanying this paper. 

SECTION 1 

Bats .—In these experiments (table 2), which are exploratory, all the dyes 
enumerated were used. The controls consisted of tumors to which no treat¬ 
ment was given and those injected with Ringer alone. 
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Since the percentage of regressions was so high with this strain of tumor, 
the results are not very conclusive. All the dyes except no. 3 allowed a pro¬ 
portion of regressions which did not differ significantly from that occurring 
among the untreated animals or among those receiving Ringer solution alone. 
When dye no. 3 was used there were 66 per cent regressions as compared with 


TABLE 3 
Section 1. Mice 


Treatment 

Total number 

Regression 

Days to death 

Untreated. 

23 

0 

21 

Ringer^ s. 

11 

0 

20 

NaCl. 

12 

0 

11 

Dye no. 1. 

2 

0 

38 

Dye no. 2. 

22 

0 

13 

Dye no. 3. 

9 

3 

38 

Dye no. 4. 

2 

0 

9 


54 to 59 per cent in all other categories. This difference is significant because 
of corroboration in Section 2. Column 5 shows the number of days required 
for regression, which was less with no. 3 than with the other classes. Column 6 
shows the number of days until death of the animals dying as a result of the 
tumor. While animals treated with dye no. 3 show longer survival than the 
untreated, this difference does not seem statistically significant; whereas dye 
no. 1 was less toxic than no. 3 in the number of days that the animals lived, 


TABLE 4 
Section 2. Bats 


Treatment 

Total 

number 

Died 

Regressed 

Percentage 

of 

regressions 

Average 
maximum 
sise at 
death 

Average 
maximum 
size at 
regression 

Days to 
death 

Untreated. 

57 

53 

4 

7 

6.6 

1.7 

49.4 

Ringer’s. 

31 

28 

3 

9.6 

5.6 

2.1 

46 

Dye no. 3. 

96 

54 

42 

44 

4.7 

1.5 

58.8 


this advantage is counterbalanced by the longer time it required for regres¬ 
sions to be completed (column 5). The other dyes did not produce any change 
in the percentage of regressions, which differed greatly from those in the un¬ 
treated animals. 

Mice .—There Was a high percentage of ‘‘nontakes” among the mice, but 
the “takes” never regressed, as did those of the rats. The time required for the 
development of this tumor varied, being usually one to two months, but some¬ 
times three to four months, as contrasted with the rat tumor, which developed 
in a few weeks. 

Of the ninety mice which developed tumors (table 3) none regressed except 
those treated with dye no. 3. Although the number used is small, further 
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corroboration makes this significant. Column 3 also shows the favorable re¬ 
sults of no. 3 in the length of survival of animals having tumors and receiv¬ 
ing treatment. 

The small percentage of takes with this tumor made it difficult to obtain 
animals in number sufficient for statistically conclusive tests. The long period 
required for development of the tumor also reduced the experimental yield. 

TABLE 5 
Sxcnoir 2. Micx 


Treatment 

Breed 

Total number 

Number of 
regresBione with 
tumor 

Days to death 

Average 
maacimum siie 
at death 


Hooper.1 

1 

21 

2 with no. 2 

26 

2.4 

Untreated. 

Memorial. 

10 


24 

2.4 



23 1 

0 with no. 1 

22 

2.7 


Total regressions=3.7 per cent 




1 

Hooper. 

2 

0 with no. 1 


miiiiiiii 

Ringer’s. 

Memorial. 

9 

0 with no. 1 

20 



Memorial. 

17 

1 with no. 2 

37 



Hooper. 

2 

0 with no. 2 

38 



Total regressions=3 per cent 




Hooper. 

21 

4 with no. 2 

30 


Dye no. 3. 

Memorial. 

9 

3 with no. 1 

38 



Memorial. 

37 

10 with no. 2 

32 



Total regressions=25 per cent 


llllf 


However, the results with dye no. 3 with mice, combined with similar results 
with rats, seemed sufficiently significant and promising to justify continuance 
of experiments with this dye on a more extensive scale, as described in Sec¬ 
tion 2. 

SECTION 2 

In this section Crocker tumors which gave a high percentage of takes and a 
low percentage of regressions were used, so that significant results could be 
obtained in a comparatively short time. The tables accompanying this section 
include some data from experiments which were not completed at the time 
the preliminary paper was published, and there are therefore a few changes 
in the general summaries. 

Bais .—Table 4 ^ows the results with rats inoculated with the Crocker 
tumor.* Column 5 gives the average maximum size of the tumor in the ani¬ 
mals that died as a result of the tumor. Column 6 is the average maximum 
size of the tumor of the animals with tumors that regressed. Column 7 is the 
average of the number of days until death of the animals dying as a result of 
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the tumor. These results show that dye no. 3 was effective in keeping the size 
of the tumor smaller and in prolonging the life of the animal. 

Column 4 shows the percentage of regressions of all three sets. The un¬ 
treated and Binger’s averaged 8 per cent regressions, while the dye-treated 


RATS 



Fig. 1. Change in size of tumor (ordinates) of rats during days (abscissae). Curve 1 
is untreated control; curves 2-4 represent tumors treated T^dth methylene blue. 

produced 44 per cent. This shows definitely that dye no. 3 (methylene blue) 
acts favorably in causing regression. The tumor becomes reduced in size, 
sloughs off, and heals up. 

Mice .—^Table 5, shows the results with both tumor no. 1 and tumor no. 2 
when treated with dye no. 3. Untreated animals and those receiving Binger’s 
solution showed regressions in about 3 per cent of 84 cases, while those treated 
with dye no. 3 produced 25 per cent out of a total of 67 cases. The variation 
in the percentage of regressions with different strains of mice and different 
tumors may or may not be of any significance, but even the least successful of 
the three groups of treated animals shows a proportion of regressions which 
is five times as high as that of the controls. 
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The length of life of the animals having the two tumors varied. Tumor no. 
1 killed the animals faster than tumor no. 2. Dye no. 3 lengthened the life of 
the treated animals over that of the untreated. The Hooper mice seemed to be 
more resistant than the Memorial. Tumor no. 1 never gave regressions in the 



controls. The average size of the tumor in the untreated animals was larger 
at death (its mazimiun) than with either the Ringer’s solution or dye no. 3. 

In both rats and mice, regressions were usually preceded by crater forma¬ 
tion, sloughing, and healing up with scab formation, which eventually disap¬ 
peared under growth of hair. 

It might be thought that the effect of methylene blue in causing regression 
of tumors could be ascribed to the toxicity of the dye. But this seems very 
improbable, since it has been shown by several workers that the concentration 
used in this experiment is in general not toxic. Barron and Hoffman (1930), 
using three times the concentration used by the writer, found no deleterious 
effect on the Oj consumption of starfish eggs during the course of their ex¬ 
periments. The writer (1933) has used the same concentration of methylene 
blue in experiments in vitro with no apparent injury to fertilized sea urchin 
and starfi^ eggs, which passed successfully through all the stages of de¬ 
velopment of the embryo to tiie pluteus stage. 

Figures 1 and 2 show the growth of representative individual tumors in 
control and treated rats and mice respectively. In figure 1, curve 1 is typical 
of untreated tumors, curves 2 to 4 of treated. In figure 2, curves 1 and 2 rep- 
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resent untreated Hooper and Memorial mice tumors, while curves 3 and 4 
represented treated tumors. 

These results are in agreement with those obtained by Roffo (1931), pub¬ 
lished after this investigation was under way. His methods were different 
inasmuch as he subjected the tumor tissue to the dyes before transplanting, 
then noted the percentage of takes. 

CONCLUSIONS 

Since the percentage of regressions obtained with methylene blue treatment 
is significantly greater than that of the controls (with or without injections 
of Ringer solution, or under treatment with other dyes), these experiments 
show that methylene blue inhibits the growth of transplantable tumors. The 
interpretation is made that this dye “poises” the tissue at a redox potential 
compatible with normal growth. Through the catalytic action of the dye, 0^ 
consumption is increased, glycolysis discouraged, and normal growth pro¬ 
duced. 

SUMMARY 

Out op five oxidation-reduction dyes which were used as injections into trans¬ 
plantable tumors in rats and mice, it has been shown that methylene blue is 
the only one which is efficient in causing regressions. Methylene blue gave 44 
per cent regressions in rats as compared with 8 per cent in the controls (in¬ 
cluding both the untreated and those receiving Ringer solution); and 25 per 
cent in mice, as compared with 3 per cent in the controls. 
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In the coubse of vital-staining experiments in 1932, it was noted that certain 
marks placed on the ventral side of eggs in early cleavage stages had disap¬ 
peared by the time that gastrulation began. This observation was not followed 
up at that time; it was tentatively explained as a result of the rapid fading of 
vitally stained marks on the yolk-rich lower part of the egg. In 1934 the dis¬ 
appearance of marks placed on the ventral part of the zygote was confirmed. 
Marks made on the vegetative field of the early gastrula remain visible for six 
or more days; it seemed remarkable that similar marks placed on the vegeta¬ 
tive field of the zygote should sometimes vanish within thirty hours. 

Further investigation later revealed the results herein described. Briefly 
stated, it was found that the vegetative material of the zygote undergoes a 
movement into the interior of the egg throughout the cleavage or blastula 
stage. The yolk-laden ventral part of the egg, hitherto regarded as more or 
less inert and motionless (vegetative), is subject to an active displacement, 
in which the material exposed on the ventral surface of the zygote penetrates 
into the central portion of the blastula. 

Such unipolar ingression has been recorded in a number of invertebrates. 
Treadwell (1901) and Shearer (1911) have described it in annelid worms. 
It is found in the Nematoda and Mollusca and is present in the Arthropods 
and the Goelenterata, occurring in Tima and Obelia among the hydiroids; it 
is found also in certain Anthomedusae, Scyphomedusae, and Leptomedusae 
(Richards, 1931). 

A survey of the literature, including many of the classical works of embry¬ 
ology as well as recent papers, has thus far failed to disclose a description 
of unipolar ingression in any vertebrate. Brachet (1903), in considering the 
wa 3 r 8 by which the blastocoele changes its form during blastulation, suggested 
“invagination of tfie vitelline cells” as a possibility (p. 15), but dismisses this 
type of movement as improbable: “On ne comprend pas comment cette masse 
oompacte de cellules vitellines pourrait s’invaginer sans que la surface in- 
f4rieure de Toeuf devienne plane ou d4prim4e...” (pp. 15-16). The data 
given in the present paper demonstrates that an inward movement of vege¬ 
tative material does occur during blastulation and that it plays an important 
part in changing the shape of the blastocoele by producing the convuity 
which appears in its floor (see flg. 5, pi. 24). 

[ 808 ] 
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Among the more recent papers dealing with the pregastrular stages of 
Amphibia are those of Smith (1922,1926) on Crypiobranchus Meghemensis, 
and Yotquenne (1934) on Bana fusca. In neither of these is there any men¬ 
tion of pregastrular unipolar ingression. Votquenne (1934) applied vital 
stains to the egg of Bana fusca in early cleavage stages. Although the results 
he obtained after staining the upper portions of the egg are very similar to 
those I have obtained this year with similar stages of Triturus torosus, there 
is no reference to unipolar ingression. 

MATERIALS AND METHODS 

The method of localized vital-staining used was that described by Yogt (1925, 
1929). The zygote of Triturus torosus was removed carefully from the egg 
jelly, leaving the chorion intact, and was stained with nile-blue sulfate and 
neutral red. Eggs were maintained in Holtfreter’s solution (1931), upon a 
substrate of beeswax. The positions of the marks were 
recorded with the aid of a camera lueida. The rotary 
disc described by Daniel and Burch (1933) was used in 
drawing marks placed on the side of the egg. A new de¬ 
vice, which forms a useful supplement to the rotary 
disc, was constructed in order to obtain ventral views of 
the egg without the necessity of inversion. In this device 
certain of the parts used in the Daniel-Burch Rotary 
Disc were assembled as shown in fig¬ 
ure A. 

APPARATUS 

The apparatus consists essentially of 
two small 90° prisms (p.^ and p.*) jux¬ 
taposed as shown in figure A. The sides 
(s.) of the device were composed of 
sections cut from microscope slides; 
these form a reservoir which is filled 
with water (to). The horizontal face of 
one prism (p.^) supports the egg (c.), 
which is observed by focussing the ob¬ 
jective of the microscope (ob.) on the 
horizontal face of the second prism 
(p.®). It is to be noted that both a ven¬ 
tral view (vv.) and a lateral view (Iv.) 
are obtainable by simply altering the 
position of the objective as shown in figure A. Since the egg (e.) is suppoirted 
on the surface of one prism (p.^, and since both prisms are in direct con¬ 
tact, refraction is reduced to a minimum. It is further to be noted that the 
present device is not capable of the rotary movement obtaihable with the Dan¬ 
iel-Burch Rotary Disc. It is therefore only suitable for experiments in which 
rotation of the egg may be accomplished by instruments such as hair-loops. 



Fig. A. Diagram of apparatus used in 
order to obtain a ventral view of the egg 
without the necessitj of inversion. 

b,, base; e,, egg; Iv,, course of rajs 
which give lateral view of the egg; ob. and 
oh.\ objective of microscope in position for 
ventral and lateral views, respectively; p.* 
and p.*, prisms; s., side of reservoir; in;., 
course of rays which give a ventral view of 
the egg; w., water filling cavity of reser¬ 
voir BO that the egg is completely im¬ 
mersed. 
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DEMONSTRATION OF UNIPOLAR INGRBSSION 

Triturus torosus, No. 16T, 1934, represents a typical example of the results 
obtained. Four successive views are represented in plate 24, figures 1-4. On 
February 16, at 5:30 p.m., one large circular red mark and two smaller blue 
ones were placed on the ventral surface of the zygote (fig. 1). 

Five and a half hours later (11 p.m.) the egg was in the four-cell stage (fig. 
2). The cleavage furrows extended completely around the egg to the vegeta¬ 
tive pole, distorting the original shapes of the marks. Marks 2 and 3 were 
lengthened, and parts of them passed out of view into the cleavage furrows. 
Mark 1, now lobate in outline, coincided with the intersection of the first two 
cleavages, and, like the blue marks, seemed to have been partly drawn into 
the furrows. It is to be noted that marks 1 and 2 have moved closer together; 
the unstained area which separated these marks in the zygote stage (fig. 1) 
was no longer present in the four-cell stage (fig. 2). 

On February 17, at 11:40 a.m., the marks were radically altered in form 
(fig. 3). As compared with their original condition (fig. 1), they had been 
reduced in size. Mark 1 was somewhat stellate in form; marks 2 and 3 were 
spindle-shaped. All the marks passed out of view into the cleavage furrows. 
Figure 4 shows the marks as seen about five hours later (4:30 p.m.) . Mark 

1 was very irregular in shape and followed several cleavage furrows. Marks 

2 and 3 were still more attenuated than at the preceding observation (fig. 3). 
At the following observation, two hours and ten minutes after the second, 

the marks were still further reduced in size and had again altered their shapes. 
Mark 1, now very slender, followed the course of several cleavage furrows. 
Marks 2 and 3 had lost their former monaxial form and were now triaxonic. 

The last external observation was made on February 17, at 10:15 p.m., when 
the egg was in the mid-blastula stage; only two tiny and very faint traces of 
color were visible externally, one blue, the other red. 

The egg was now bisected (fig. 5) by means of a needle-knife and a hair- 
loop. In the middle and the upper part of the thick floor of the blastula were 
a number of spheroidal yolk cells colored red or blue or both red and blue. 

It may be suggested tentatively that the ingression is accomplished by 
means of the cleavage furrows which carry portions of the vegetative surface 
into the interior of the egg. Careful observation under higher magnifications 
of the binocular microscope reveal that the stained areas extend into any 
furrows which may cut through them. Furthermore, as the ventral surface of 
the egg undergoes cleavage the vitally-stained marks tend to lie adjacent to 
the cleavage furrows (figs. 3-4, pi. 24). 

A fuller treatment of the mechanism by which pregaslrular unipolar in¬ 
gression is accomplished will be presented in a later paper. 
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SUMMARY 

1 . Localized vitally-stained marks placed on parts of the ventral (vegeta¬ 
tive) hemisphere of the zygote (Triiurus torosus) are altered in shape and 
diminished in extent during the course of cleavage and blastulation. Such 
vitally-stained marks are later found in the interior of the middle or late 
blastula stage, comprising the upper part of the floor of the blastula. 

2. It follows from the foregoing data that a unipolar ingression occurs in 
pregastular stages of development in the egg of the urodele, Triturns torosus. 
To the best of the author’s knowledge, this is the first description of such a 
process in a vertebrate. 

3. It is suggested tentatively that pregastrular unipolar ingression is accom¬ 
plished by the inward-moving cleavage furrows which carry parts of the 
vegetative surface into the interior of the egg. 

4. An apparatus is described which makes possible both a ventral and a 
lateral view of the egg without the necessity of inversion, and with a minimum 
of refraction. 
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EXPLANATION OF PLATE 

PLATE 24 

All figures were drawn with the aid of a camera lucida, and represent views of ^e same 
egg) Triturus toroaus, No» 16T, 1934. For complete description see text. 

Locations of vitally stained marks (1^) are indicated by red for neutral red, and blue 
for nile-blue sulfate. 

Fig. 1. Ventral view of the zygote stage shortly after staining. February 16, 5:80 p.ic. 

Fig. 2. Ventral view five and a half hours after figure 1 was recorded. February 16, 
11 P.M. 

Fig. 3. Ventral view about eighteen hours after figure 1 was recorded. February 17, 
11:40 a.m. 

Fig. 4. Ventral view about twenty-three hours after figure 1 was recorded. February 17, 
4:30 P.M. 

Fig. p. View of one-half of the bisected blastula showing internal locations of stained 
materials as a result of ingression; recorded about twenty-eight and three-fourths hours 
after figure 1. February 17,10:15 p.m. 
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THE (llKClJLATlON OF BLOOD 
IN AMMOCOETES 


BY 

J. FRANK DANIEL 


INTRODTTCTION 

The discovery of the eireiilatioD of blood by Harvey is rejrarded as one of the 
outstanding? deductions made by man (see Leake, 1928). Its importance at the 
time was derived from the fact tliat it <rave a reasonable answer to a series of 
questions. But an understanding of the full import of circulation was not pos¬ 
sible in Harvey’s day. Indeed, at our own time we cannot boast of a complete 
understanding of all that is involved in circulation. Notwithstanding that 
fact, our concept includes more than the mechanics of circulation. We see the 
blood channels as a great transportation system, reaching the tissues and the 
individual cells through miles of capillaries (Krogh, 1929), and the blood 
stream moving through these channels as a common carrier providing the 
living organism with such essential sup])lies as oxygen and nutriment, hor¬ 
mones and vitamins. In addition to the contribution which the circulating 
blood makes to the upbuilding of the individual, it provides a way by which 
certain waste products, such as carbon dioxide and nitrogen, are transported 
to organs for elimination from the body. Furthermore, by means of certain 
cells which are free to pass out into the tissues and later reenter the blood 
stream, it removes debris of a solid sort. In the active defense of the body an 
element of great importance is the serum, contained within the fluid part of 
the blood, by which an active immunity may be built up. With all these im¬ 
portant functions to perform, the circulatory system is to be looked upon as 
a great integrating system (Cannon, 1980), without which higher organisms 
would be impossible (Henderson, 1928). 

My work concerns itself with the structure and development of the organs 
of circulation, and the movement of blood in the head and pharynx of the 
lowliest of vertebrated animals, Ammocoetes, the larva of the cyclostome, 
Entosphenous tridentatus. Anyone who studies this, an almost transparent 
animal, by the use of a modern microscope, will but wonder at the astute obser¬ 
vations and deductions made by Harvey, and wdll willingly accord to him full 
credit for his demonstration of the circulation of blood. 


[ 311 ] 



312 


University of California Publications in Zoology 89 


METHOD 

These interesting larvae occur in abundance in the mouths of streams along 
the western Pacific slopes, and may be taken from the sand near the shore 
after they have reached seven millimeters in length. The eggs and younger 
stages occur on or near the surface of the sand in deeper pits or nests farther 
out in the quiet waters of the stream. All stages may be kept under laboratory 
conditions, and when needed they may be anaesthetized in a one-tenth per 
cent solution of chloretone. These anaesthetized animals may be placed in a 
small amount of water, in any desired position, in a narrow groove made in 
paraffin on a glass slide. To prevent evaporation, a cover slip is placed over the 
groove and additional water may be added if or when the circulation falters. 


THE HEART 

The heart in a young larva of from three to five millimeters in length has only 
two parts, which are readily observable in the living animal. These are a small 
atrium with the form of an inverted IT, by the wide mouth of which it joins 
the sinus venosus, and a balloon-shaped ventricle which at this stage is much 
larger than the atrium. In a larva from seven to eleven millimeters long, all 
parts of the heart, sinus venosus (5t;.,fig. 1), the single atrium (at.), the single 
ventricle (vn.), and the conus arteriosus (co.) are readily observable, lying 
just in front of the large liver (/.). 

The sinus venosus {sv., figs. 1~3) in external form is like a funnel with the 
mouth abutting against the liver, and the apex hollowed out in the atrial 
wall, pointing forward to the left of the animal. If observed with the ventral 
side turned a little to the left, the thin walls of the sinus are evident and its 
internal form can be determined by the column of blood contained within it. 
The modifications which this column undergoes as the sinus fills and partly 
empties serve to indicate the changes of the internal form of the sinus itself. 
When the sinuatrial aperture is closed {sv,, fig. 2) and the column of blood is 
arrested momentarily, its form is that of a truncate cone. When the aperture 
opens, the column is conical in form. 

The extent of this collecting sac is best made out by the great vessels which 
enter it. A large hepatic vein from the liver empties directly into it, and the 
entrance of the inferior jugular {ij., figs. 1-4, 8) at the tip of the liver marks 
its anterolateral (right) angle. The left superior jugular (anterior cardinal, 
ac,, fig. 3) serves to indicate the posterolateral (left) angle. The sinus thus 
delimited by the mouths of these great vessels extends obliquely forward to 
the left to join the atrium at the sinuatrial junction. 

The vftlves*(sa., fig. 2) guarding the aperture between sinus and atrium 
consist of a lateral and a median fold. The lateral fold is attached to the pos¬ 
terolateral wall of the atrium, and when the aperture is open, extends this 
wall well into the atrial cavity. 
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The atrium, when filled with blood (at,, fig. 3), is a relatively large sac 
located on the left side of the midline, and in a specimen ten millimeters or 
more in length, reaches almost as far forward as the anterior tip of the ven¬ 
tricle. Posteriorly it extends well beyond the ventricle. When empty and in 
atrial systole (fig. 2), its form is changed so that the anterior tip is bent back¬ 
ward and inward and the posterior part extends forward and toward the 
median line. 



Fig. 1. Ilonrt, 10 mm., Ammocoetes, \en 
tral view. 

at., atrium; cd. and cords attach¬ 
ing atrium and \entncle, respectively, to 
the pericardial walU; co., conus arterio 
sus; tj., inferior jugular vein; ?.» liver 
(anterior tip); sv, sinus veiiosus, ??»., 

V eiitricle. 

The walls of the atrium at diastole (fig. 3) are of almost equal thickness 
except in the anteromedian angle, where the wall thins out, and at the antero¬ 
lateral third in the area of the atrial cord (cd.), where it is somewhat heavier. 
In the posterior part just behind the sinuatrial valves, the wall gives the 
appearance of being heavy as is shown in dotted line, but the lining, which is 
drawn in solid line in figure 3, shows that it is only of average thickness. 

The atrial cord (cd., figs. 2 and 3, and Daniel, 3931) binding the atrium to 
the pericardial wall near the base of the last branchial arch is made up of a 
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series of nodules with a central strand running through it. In atrial diastole 
the cord is loose; in systole it is sufBciently taut to exert tension on the peri¬ 
cardial wall. Moreover, in a specimen with the cord severed, the atrium moved 
backward so that it lay behind instead of at the side of the ventricle. 

The aperture between atrium and ventricle is guarded by the atrioventricu¬ 
lar valves (av.). While the ventricle is filling (fig. 3), these valves are open, 
and from the atrial side resemble a tent with the curtain opened. When closed 
(fig. 2), the sides of the tent take the form of parallel wedges, the blunt ends 
of which are directed toward the atrium, and the funnel-like apex extends into 
the ventricle. 



Fig. 2 Fig. 3 


Fig. 2. Diagram of heart, 10 mm., Ammocoetes in systole. 

Fig. 3. Diagram of heart, 10 mm., Ammocoetes in diastole. Arrows indicate direction 
of flow. 

ac,y entrance of superior jugular (anterior cardinal) vein; of., atrium; av., atrioventricu¬ 
lar valve; cd. and cd/, cords attaching atrium and ventricle, respectively, to the pericardial 
walls; CO., conus arteriosus; ij., inferior jugular vein; 1., liver (anterior tip) ; sa., sinuatrial 
valve; sv., sinus venosus; v., semilunar valve; vn,, ventricle. 

The ventricle (vn.) in general is kidney-shaped, with the hilum or con¬ 
cavity pointing inward at the atrioventricular junction. In diastole the ven¬ 
tricular cavity is much enlarged and the thickness of its walls is difficult to 
judge accurately, because they are lined with an irregular reticulum into the 
meshes of which the corpuscles are free to pass. The posterior lateral wall 
appears compact and thick, but the anteromedian part has one segment which 
is relatively thin. In systole the ventricular wall is compact and especially 
thick posteriorly. 

A ventricular cord ed/ (figs. 2 and 3) similar to that (iescribed for the 
atrium attaches the outer wall of the ventricle to the pericardial wall opposite 
the position of the atrioventricular valve. 
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Anteriorly the ventricle joins the bulbus or conus arteriosus (co.). The conus 
has the form of a short-necked carafe, the bottom and sides pf which are 
thicker than the neck. The semilunar valves (v.) are shown in figures 2 and 3. 

THE ACTIVITY OF THE HEART AND THE 
MOVEMENT OF BLOOD 

In a young larva of from two and a half to three millimeters in length the 
heart pulsates faintly and at a slow rate; at five millimeters its normal rate 
has increased to about sixty beats per minute. At this stage a colorless venous 
flow may be observed to the right and left of the valvular intestine and in the 
atrium. By the time the animal has reached six to six and a half millimeters 
the velum begins to beat, the circulation increases in volume, and color begins 
to appear in the blood corpuscles. The observ^ability of the circulating mass 
improves greatly following this stage and is at an optimum of visibility up to 
eleven millimeters. 


THE ANAESTHETIZED HEART 

In specimens of these favorable stages, the atrium and the ventricle are seen 
to be the most active parts of the heart. The wave of contraction, however, 
begins near the mouth of the inferior jugular vein, then passes over the sinus 
venosus, the atrium, and the ventricle, and finally to the conus arteriosus. 

Activity in the sinus passes forward to the sinuatrial constriction. The sinu¬ 
atrial valves (sa., fig. 2) close suddenly, with the result that the blood is car¬ 
ried backward into the mouths of all the entering veins. The instant the mass 
of blood begins to pass through the sinuatrial aperture, and before the valves 
are fully opened, the walls of the sinus, observed from the right side, are seen 
to bulge outward. The valves then float out into the atrium as the blood con¬ 
tinues to pass through the aperture. 

Blood under venous pressure now pours into the atrium. In its course, a 
small part of it turns laterally and posteriorly to form an eddy just behind 
the sinuatrial valve (see arrows, fig. 3); another current flows toward the 
median line and along the atrial wall to the atrioventricular junction; a third 
great central column passes obliquely across the atrial cavity and strikes the 
lateral wall. It then passes either directly toward the atrioventricular junc¬ 
tion or first goes to the anterior tip of the atrium and then turns mediad and 
comes back to the atrioventricular junction. Upon the opening of the atrio¬ 
ventricular aperture, the blood streams through into the ventricle, using the 
atrium only as a p/assageway. The atrium then contracts suddenly, forcing all 
its blood into the ventricle. We may follow this active wave of contraction and 
the course of the blood more in detail. 

As the sinuatrial valves (sa,, fig. 2) close, that part of the atrial wall con¬ 
necting sinuatrial and atrioventricular junctions takes on a vigorous wave¬ 
like movement, and the wall just to the side of the sinuatrial junction is 
thrown into a rocking motion. The synchronous activity of these two posterior 
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areas increases enormously the velocity of the blood which has entered the 
atrium under venous pressure, so that it is thrown forward and may even 
reach the anterior tip of the atrium. Instantly the contraction of the distal tip 
of the atrium meets the oncoming mass and whirls it backward and inward 
toward the median line and out through the atrioventricular aperture. Dur¬ 
ing this moment of active atrial systole, no part of the atrial wall is free from 
vigorous activity. 

During the time that the atrial blood is passively entering the ventricle, the 
corpuscles can be seen to spread out fan-shaped among the meshes of the ven¬ 
tricular walls. At this time the ventricle appears to fill completely, but atrial 
systole now sends a great additional mass of blood into it. The strong atrio¬ 
ventricular valves, which have been open during the passive and active filling 
of the ventricle, now snap to and stand out as thick parallel wedges. Ven¬ 
tricular systole follows immediately upon atrial systole, the ventricular lumen 
shortens, and the column of blood is driven ahead, chiefly by the activity of 
the posterior and lateral ventricular walls. A part of this column enters a cul 
de sac at the anterior and median end of the ventricle and whirls in an eddy 
before reaching the aperture between ventricle and conus. The main column 
passes directly forward and out through the conus. 

The semilunar valves (v., figs. 2 and 3), guarding this aperture to the conus 
and closed during the diastole, open suddenly upon ventricular systole, and 
the mass of blood clears the ventricle and the conus, leaving only a few strag¬ 
gling corpuscles moving slowly forward along the walls of the conns. 

Analysis of the Heart Beat 

In an anaesthetized heart in which the activity has been reduced to about 
thirty beats per minute, correlation between the activity in the various parts 
and structures of the heart and the movement of the blood in its course may be 
considered in a series of five events or moments, the first of which begins with 
the entrance of the blood into the atrium and the fifth closes with its exit from 
the conus. 

For the atrium, the first event is initiated by the opening of the aperture 
and ends with the entrance of the blood into the atrial cavity. At the second 
moment, the column of blood in the atrium comes almost to a standstill. The 
atrioventricular aperture opens on the third, and the blood during this and 
the fourth periods streams through into the ventricle at the same time that it 
continues to enter the atrium. During the third and fourth moments, the 
atrium thus, at the same time that it is receiving blood from the sinus, serves as 
a passageway to the ventricle. The fifth event involves a complicated series of 
activities,jncluded in atrial systole. In this, the sinuatrial aperture closes sud¬ 
denly, the atrial walls contract, and all the atrial blood is fgrced through the 
atrioventricular aperture into the ventricle. 

During the first moment in which the blood is entering the atrium, the 
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ventricle is completing or has completed systole; during the second, when 
there is quiet in the atrium, the ventricle is empty. Early in the third event, 
the atrioventricular aperture opens and blood begins to pour into the ven¬ 
tricle. This continues to enter passively from the atrium during the third and 
fourth moments. At the early part of the fifth, a great column of blood is 
shunted into the ventricle from the atrium, which at the end of this period is 
forced out by ventricular systole. 

The behavior of the valves of the heart at these different moments is as fol¬ 
lows : The sinuatrial valves open at the beginning of the first event and remain 
open during events two, three, and four, while the blood is passing through 
the sinus. Early in event five the sinuatrial valves close and the blood in the 
sinus is forced back into tlie veins, and that in the atrium, into the ventricle. 
The atrioventricular valves are closed during events one and two; at three 
they open, and remain open on count four. At the end of event five, the valves 
close with the atrium in systole and the ventricle in diastole. 

The Dying Heart 

The anaesthetized heart may be retarded to a slow rate without apparent ill 
effects. But when conditions come to be highly unfavorable, as, for example, 
by the evaporation of the water in which the animal is kept, then the heart 
begins to show symptoms of distress While this distress may manifest itself 
in several different ways, the most common form is that of irregularity in the 
ventricular beat. 

The dying ventricle first shows a tendency to block or skip beats. In the 
earliest form of this behavior, there may be one ventricular beat to every two 
or three atrial pulsations. By the third atrial systole, the ventricle is gorged 
with blood, and usually by this time ventricular systole takes place. If this 
does not occur, after the third atrial systole a small amount of blood passes in 
and out through the atrioventricular aperture with atrial activity. The degree 
of ventricular irregularity may be shown in the following table: 

TABLE 1 

To Each VRNTRicimAR Systole the Following Number op Atrial Be.\ts, 

Dying Heart of Ammocoetes 
(10 min.) 


3 

10 

1 

5 

3 

8 

1 

3 

7 

3 

3 

5 

1 

7 

8 

1 

3 

3 

2 

7 

3 

5 

2 

2 

1 

2 

2 

4 

2 

3 

2 

16 

11 

3 

16 

4 

3 

2 

15 

12 

10 

5 

11 

11 

2 

2 

B 

4 

4 

5 

18 
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The most impressive characteristic of the dying heart is the faithfulness of 
the atrium. During the ventricular distress which we have discussed, the 
atrial beat may be relatively regular and this regularity may continue long 
after the ventricle is quiet. In time, however, the atrium itself decreases in 
tone and the beats become feeble and irregular. The distal part of the atrium 
generally becomes inactive first, while the parts of the atrial wall behind the 
sinuatrial valve and between the sinuatrial and atrioventricular junctions, to¬ 
gether with the sinuatrial valves themselves, are still active. At this stage the 
atrium may be filled with blood. A little later the valves may stop, whereupon 
blood passes in and out through the sinuatrial aperture. In a later stage the 
atrium may continue to beat feebly with no blood remaining in its cavity. 

The sinus venosus may beat with the regularity of the atrium or with two 
regular pulsations to one of the atrium. The first occurrence which I obsen^ed 
of this double number of pulsations was in a heart in which the ventricle was 
alive and the atrium regular but slow. There were two distinct beats in the 
sinus to one of the atrium. In a second specimen I observed two pulsations in 
the inferior jugular vein to one partial closure of the sinuatrial valve. 

In other specimens I observed that the atrium might continue to beat after 
all activity had ceased both in the sinus and at the base of the inferior jugular. 
In one which I may cite finally, the last sign of life to remain was a distinct 
and regular beat at the base of the inferior jugular vein on the side wall where 
it joins the liver. 

Revival op the Heart Beat 

After every part of the heart has stopped and the blood can be seen to be 
laked in various parts of the body, add but a quarter of a drop of water to the 
organism and the whole wonderful mechanism starts up again. The velum 
begins to draw in the respiratory current. The corpuscles, which may have lost 
their haemoglobin, enter into the active circulation, and the organism is vir¬ 
tually recalled from death. 

THE VENTRAL AORTA 

Aorte ascendante—Milne-Edwards, 1858. 

Artiere branchialo—Milne-Edwards, 1858. 

Artiere branchiale primare—Julin, 1887. 

Arteria branchiale—Carazzi, 1905. 

Arteria branchialis—Muller, 1839; Dohm, 1888. 

Branchial artery—Monro, 1785; Owen, 1866; Balfour, 1878; Allen, 1905. 

Cardiac aorta—Huxley, 1871. 

Haupstamm der Kiemenarterie—^Wiedersheim, 1886. 

Kiemenarterienstamm—Stannius, 1846,1854. 

Truncus arteriosus—Hochstetter, 1906. 

Ventral aorta—^Balfour, 1878; T. J. Parker, 1886; Daniel, 1922, idtS, 1934; Corrington, 

mo. 
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The ventral aorta (va., fig. 4) in Ammocoetes continues forward from the 
conus arteriosus throughout the pharyngeal area. Through the first four seg¬ 
ments of its course, it is an unpaired vessel; through the remaining four seg¬ 
ments, it is paired. 
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In general plan the ventral aorta is like that in the Blasmobraneh fishes 
(Daniel, 1934). Both in the Elasmobranchs and in Ammocoetes, the division 
of the unpaired into the paired part takes place where it approaches or comes 
into contact with the posterior part of the thyroid gland (endostyle in Ammo¬ 
coetes) . In the Elasmobranchs, the thyroid is limited to one or at most to two 
anterior segments; but in Ammocoetes, the endostyle is of unusual length, 
extending through four metameres or body segments and posteriorly well into 
the pharynx (see en,, fig. 5). The divisions of the ventral aorta at the posterior 
part of the endostyle are located to the right and left and gradually rise until 
they lie in dorsolateral grooves along the endostyle. They next extend in 
these grooves to the anterior tip of this organ and are then continued forward 
toward the head by the first afferent arteries (a/.\ figs. 4 and 9). 

The course of blood through the unpaired and paired parts of the ventral 
aorta can be followed in detail in a ventral view of a seven- to a ten-millimeter 
larva. In fact, the circulation may be followed later up to a stage in which pig¬ 
ment invades and obscures the ventral part of the pharynx. Following imme¬ 
diately upon its course through the bulbus or conus arteriosus, the blood passes 
along the unpaired vessel and at its bifurcation curves outward around the 
posterior part of the endostyle and mounts in the paired vessels to the dorso¬ 
lateral grooves along which the main currents of blood jet forward. 

From the dying heart or from the heart which has been inhibited by drugs, 
it can be seen that the blood in the ventral aorta is driven forward chiefly by 
ventricular contraction. The head of the column, while lagging a bit, goes for¬ 
ward with only a slight decrement in rate even at the anterior part of the 
paired division. 

THE AFFERENT BRANCHIAL ARTERIES 

Afferent Branchial Artery—T. J. Parker, 1886; Allen, 1905; Allis, 1908; Daniel, 1922, 
1928, 1934; Corrington, 1930. 

Art^re branchiale propre—Milne-Edwards, 1858. 

Arteria branchialis—Hyrtl, 1872. 

Arterie afferent!—Carazzi, 1905. 

Branch of branchial artery—Monro, 1785. 

Kiemenarterie—Miiller, 1839; Stannius, 1846,1854; Ilyrtl, 1858, 1872; Dohrn, 1888. 

In the region of the pharynx, the ventral aorta gives off seven pairs of 
afferent arteries (a/.^*, fig. 4) and its extension forward into the first gills on 
the left and right sides respectively may be properly regarded as another pair, 
the first afferent arteries ( af.^). Of these eight pairs of afferents, the eighth to 
the sixth leave the unpaired trunk. The fifth leaves the ventral aorta near its 
bifurcation and may arise from the unpaired trunk, although it usually comes 
off from the paired ventral aorta just around the posterior angle of the endo¬ 
style. The fourth to the second afferents spring from the paired ventral aorta, 
and the first, as we have said, continues it forward. «^ 

The eighth or most posterior afferent (a/.®) is relatively small, even where 
it leaves the ventral aorta. It passes over the ventral cartilage and out into the 



Fig. 5. Head and ii]hht ])ait (►f ))liai.Mi\ \Mth lonf mnoM'd, oldoi lai\a, Aniinocoeto." 
d<H«al \iow. 

(if., afl(Mvnt aittM\ ; hv., biu'cal ('a^ \\ \ i < n , a])oitur»‘ finni t'ndost^l(‘, (idiVrent aiU‘i\ 
(ii., cndoHl^lt'; fl.a., fl.p., aiitoiioi and pohttMun filanionts, ri*sjK*('tn(‘l>, of holobianch; gp 
gill iH)U(*h ; m,, nioutli; pg., ponphai ^ ngoal giooM*s, .s, boptuin; i/., M*luni. 
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septum which bears the gills, taking up its position in the outer edge of the 
septum (for plan, see s., fig 6). In this position at the attachment of the sep¬ 
tum, it increases to a sinus-like vessel which extends above the septum almost 
to the middorsal line. 

The column of blood in this vessel can be observed to leave the ventral aorta, 
pass over the cartilage, and then along the septum not far from the surface. 
As it flows along the septum, it gives out blood to anterior gills. By the time 
it has reached the dorsalmost part of the septum, the column has dwindled to 
small size. 

Other afferents from the seventh to the second take up their position in the 
attached margins of the septa similar to the eighth (see a/., fig. 5). These 
afferents differ from the eighth, however, in one important respect, that is, 
along the septa they give off alternate afferent arterioles anteriorly and pos¬ 
teriorly to gills located on the anterior and posterior surfaces of the septa, 
respectively. 

The second afferent (a/.*, figs 4 and 9) may be described more in detail since 
it is typical of the whole series and the course of the blood in it is more com¬ 
pletely observable than that of any of the others. At its union with the paired 
ventral aorta near the anterior tip of the endostyle, it is a relatively much 
stronger trunk than is the eighth afferent. Like the eighth, however, it extends 
out over the cartilage {he.), ^yhich has been cut in figure 9, to the septum and 
then up the septal attachment dorsally. Along its course it gives off some fif¬ 
teen afferent arterioles to the gills. Usually eight of these supply anterior gills 
on the septum and seven, posterior gills. At its dorsal tip, after having given 
off these branches, it bends backward so that the tip if seen from an antero¬ 
lateral view resembles the handle of a walking-stick. 

At its origin the second afferent carries a large column of blood which as it 
rises can be seen to flow into the gills and temporarily disappear. If observed 
in dorsolateral view and seen from in front, the column of blood, even in the 
dorsal segment of this vessel, is still of considerable size and the method of its 
entrance into the last gill near the dorsal attachment of the septum behind the 
otic capsule may be followed. 

The first afferent (a/.', figs. 4 and 9), with its circulation, calls for special 
consideration. In order to understand its position, it is necessary to say that 
the place of attachment of the first septum ventrally is considerably posterior 
to that of its dorsal attachment so that the septum on which the artery is 
located is directed more obliquely forward than are succeeding septa. As the 
first afferent rises in the septum, it carries a large column of blood which is 
distributed to the relatively long gills located only on the posterior surface 
of the septum. 
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AFFERENT AND EFFERENT ARTERIOLES AND 
BRANCHIAL CIRCULATION 

Afferent branchial arteriole—^Baniel, 1922, 1928, 1934; Corrington, 1930. 

Afferent filament artery—Allen, 1905. 

Arteriole—Milne-Edwards, 1858. 

Ast der Kiemenarteric—Muller, 1839. 

Branch of the afferent artery—T. J. Parker, 1886. 

Efferent branchial arteriole—Daniel, 1922, 1928, 1934; Corrington, 1930. 

Ast der Kiemenvene—Muller, 1839. 

Branch of the efferent arteries—T. J. Parker, 1886. 

Efferent filament artery—Allen, 1905. 

In A VENTRAL OR A DORSAL VIEW of E ten-millimeter Ammocoetes, circulation in 
the individual gill can be readily observed. The base of the gill (g,, fig. 9) is 
broad and is so attached to the septum as to run somewhat obliquely to the 
course of the afferent artery (a/.-). The afferent arteriole which is to supply 
the gill does not arise where the afferent first reaches the base of tlie gill, but 
it comes off from the afferent at the opposite side of the base of the gill. From 
this point it takes up its position along the margin of the gill and extends 
down to the opposite side, where it connects with its efferent arteriole. From 
here the vessel joins the efferent artery (ef.^) which, as we shall see later, lies 
along the inner or free margin of the septum. 

A diagram (fig. 6) will make the course of the blood through the gill clear. 
The gill at its base is oblique to the afferent artery (a/.^) and receives the 
blood from the afferent arteriole (a.) near its distal margin. The blood passes 
through the loop in which it is oxygenated and down the proximal side of the 
filament through the efferent arteriole (b.), and finally out through the 
efferent artery 

THE EFFERENT BRANCHIAL ARTERIES 

Efferent branchial artery—Daniel, 1922, 1928, 1934; Corrington, 1930. 

Aortenwurzel—Hyrtl, 1858, 1872. 

Art^re ^pibranchiale—Milne-Edwards (in part), 1858. 

Artcria efferente—Carazzi (in part), 1905. 

Branchial vein—Monro, 1785; Owen, 1866; Huxley, 1871; Balfour, 1878. 

Epibranchial artery—T. J. Parker, 1886; Allen, 1905; O’Donoghue, 1928. 

Epibranchial portion—^Allis, 1908. 

Kiemenvene—Stannius, 1846, 1854; Hyrtl, 1858; Dohrn, 1888. 

Badix aortae—^Wiedersheim, 1886. 

Veine branchiale*—Milne-Edwards (in part), 1858. 

Vena branchialis communis—^Miiller, 1839. 

The first efferent fig. 9) , unlike the remaining seven, curves forward 
dorsally and under the ear capsule. The second to eighth remaining eflferents 
are attached to the dorsal aorta and are so deep at this position that they are 
difficult to observe. All the efferents are relatively easily seen, however, in side 
view {efJ‘, fig. 9) where, as we have said, they are located alwig the free edges 

* Milne-Edtrards, toL 3, p. 334, explains the term branchial vein as meaning a vessel like 
a pulmonary vein, l^aring oxygenated blood. 
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of the septa. Where they originate ventrally, that is, where they are joined by 
the first efferent arterioles from the gills, they are small. Dorsally, they in¬ 
crease in caliber until finally where they join the dorsal aorta they are of rela¬ 
tively large diameter. 

The corpuscles can be clearly seen as they pass around the margin of a gill 
and down the side opposite to that from which they entered, but their approach 
to the efferents is difficult to observ^e. In certain places, however, the interven¬ 
ing tissues are clear and the corpuscles may be seen as they enter the efferents. 
As the column of blood passes upward in the efferent arteries, especially if it 
receive blood both anteriorly and posteriorly, it increases greatly in size. This 
may be made out best where the circulation is slow and each pulsation seems 
strained to lift the weight of blood. 

Two important branches are associated with the first and second efferent 
arteries. These are a dorsal vessel, the orbital artery (oa., figs. 9 and 11) from 
the first efferent to the area around the eye and the roof of the oral hood, and a 
ventral artery, the external carotid (ec., figs. 4 and 6) from the second efferent 
to the lower jaw. We shall consider the latter first. 

THE EXTERNAL CAROTID ARTERY 

Afferent mandibular arter>—Allis, 1908. 

Anterior hyal efferent—Allis (in part), 1908. 

Artoria mandibularc—Carazzi, 1905. 

Arteria submentalis—Hyrtl, 1872. 

Arteria thyreo-maxillaris -Ilyrtl, 1872. 

Carotis externa—Julin, 1887; Dohrn, 1888. 

External carotid artery—Do Beer, 1924; O’Donoghue, 1928. 

External lateral hypobranchial artery—Allis (in part), 1908. 

Hy oideomandibular artery —Daniel, 1922, 1928. 

Ilyoniandibular artery—Corrington, 1930. 

Mandibular artery—T. J. Parker, 1886; Ferguson, 1911. 

In ammocoetes the external carotid (ec., figs. 4 and 6) arises as the ventral 
extension of the second and the third efferent arteries. As the corpuscles leave 
the most ventral gills of these arches, they pass down over the endostyle 
(fig. 4) bearing oxygenated blood. The ventral extension of the third efferent 
(c/.®) then bends forward to join the second and the common trunk as the 
external carotid (ec., figs. 4, 6) curves slightly outward at the anterior end 
of the endostyle. This gives off a branch laterally which in turn divides into 
an anterior branch (v,, fig. 6) to the ventral part of the velum, and a posterior 
artery that passes over and up around the posterior side of the second arch 
and then backward, carrying blood away from the external carotid instead 
of to it, as described by Dohm (1888). The external carotid now curves back 
toward the midventral line and runs forward to supply the lower lip. Near the 
lip it divides more or less irregularly into a median and a lateral branch. The 
lateral branch extends upward along the lower lip to the notch and then up¬ 
ward and backward to appear on the side (cc.\ fig. 9). We shall return later 
to a consideration of this interesting condition. 
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THE ORBITAL ARTERY 

Arteria carotis externa—Stannius, 1864. 

Artftre faciale—^Milne-Edwards, 1858. 

Arteria orbitale—Carazzi, 1905. 

Arteria orbitalis—De Beer, 1924. 

Carotid—Owen, 1866. 

Oarotide interne post^rieure—Milne-Edwards, 1858. 

Carotis externa—^Hyrtl, 1858, 1872. 

Carotis interna posterio]^—Muller, 1839. 

Carotis posterior—Muller, 1839; Stannius, 1846, 1854. 

External carotid artery—Allen, 1905; Allis, 1908; Daniel, 1922,1928; Corrington, 1930. 

Posterior carotid—T. J. Parker (in part), 1886. 

Stapedial artery—O’Donoghue, 1928. 

After the first efferent artery has passed under the ear capsule (c/.^, fig:s. 
9 and 11), it joins the paired dorsal aorta figr. 11). The common stem 
produced by this union, which I have assumed is the internal carotid, extends 
forward toward the eye. The internal carotid (i.c., %. 11) then passes inward 
to the midventral line, and the orbital artery (oa., figs. 9 and 11) swings out¬ 
ward toward the orbit. The orbital supplies the muscles of the eye and then 
runs forward. After it leaves the orbit, it gives off a ventral branch which 
curves backward under the eye to supply the dorsal part of the velum (vL, 
fig. 9). A second branch curves ventrally in the area of the olfactory lobes 
(ol,) and the main artery then sends branches forward over the tip of the 
oral hood. 

Relation of Orbital Artery to External Carotid 

In the first and second editions of my book on the Elasmobranch Pishes (Dan¬ 
iel, 1922 and 1928), I followed Hyrtl (1858) in the use of the term external 
carotid (carotis externa) as applied to the artery which runs through the 
orbit and on to the rostrum. O^Donoghue (1928), however, has since made it 
reasonably certain that the external carotid is an artery belonging primarily 
to the lower jaw. I am therefore here designating the artery of the orbit, the 
stapedial artery in Amniota, as the orbital artery. 

The relation of the orbital (stapedial) to the external carotid in man is 
highly interesting (Tandler, 1902; Evans, 1912). In the human embryo these 
two systems anastomose, but during development the stapedial stem breaks at 
its place of origin, thus giving in the adult the anomalous condition of the area 
around the eye supplied by the external carotid, which belongs to the region of 
the lower jaw. In some other mammals, as, for example, the rat, these two sys¬ 
tems are bound together by a strong anastomosis, but the stapedial does not 
break at its place of origin and hence the two systems, stapedial (orbital) and 
external Q,arotid, supply the areas around the eye and the lower jaw, respec¬ 
tively* In the Elasmobranch fishes, the orbital supplies the^muscles of the eye 
and a branch given off from it in the posteroventral part of the orbit may 
anastcanose with the branch coming up the hyoid from the external carotid. 
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After the orbital has left the orbit anteriorly, it divides much as it does in 
Ammocoetes. 

Through O^Donoghue's work we now have a satisfactory history of these 
vessels in all Qnathostomes. I should like here to trace the history still further 
back to the Cyclostomata. 

In Ammocoetes the lateral branch of the external carotid fig. 9) on 
each side, as we have seen (p. 325), passes upward and appears superficially 
and laterally where it breaks up into capillaries to the posterior and lower 
part of the oral hood. The main stem of the orbital artery likewise breaks up 
into a net on the anterodorsal part of the hood, and these two capillary nets 
converge to form a large facial vein {fv,, fig. 9) which carries the blood to the 
hyoidean sinus (hs.). The ventral branch of the orbital {vo., fig. 9) also con¬ 
tributes in part to this capillary net. In part, it supplies a branch (v.^) to the 
dorsal side of the velum (vl.), which drains by its own vein (dv., fig. 9) to the 
same sinus. 

In a dissection of the blood system of higher types, only the grosser vessels 
appear; but in a study of the circulation in a semitransparent living animal 
like Ammocoetes, no part of the picture escapes direct observation. Dynamic 
and significant changes in the course of the blood and complete shifting of 
relations and allegiance of vessels to systems may be observed to occur within 
the brief span that it takes for an animal to increase a single millimeter in 
length. Thus the early passageway for the corpuscles as they reach the end of 
the facial vein (fv.) is upward over the otic capsule anteriorly to join the 
superficial jugular vein (j., fig. 9). A short time later, all the corpuscles from 
the facial vein move across in the upper part of the hyoidean sinus {hs.) under 
the otic capsule to th** superior jugular (sj.) behind the ear. Similarly the 
vein terminating the newly formed ventral orbital artery may at first connect 
with the superficial jugular vein (j., fig. 9) in front of the ear capsule; and the 
corpuscles may pass temporarily along that course and on back by way of the 
superior jugular (sj.) to the heart. Soon, however, the mass of blood increases 
in the ventral orbital veiu, and it then {ov,, fig. 9) presses down into the dor¬ 
sal tip of the hyoidean sinus like a cone, thus diverting the corpuscles which 
are entering the sinus from the facial vein so that in a ten-millimeter larva the 
column in the facial is also forced downward, and its course from now on is 
first ventral and then upward and behind the island in the hyoid and finally 
obliquely posterior and under the otic capsule to enter the superior jugular 
on its median side. The blood from the ventral orbital vein usually passes 
directly backward above the island, but it may leave the sinus with the blood 
from the facial or it may pass into the superficial system and return to the 
heart either by a dorsal or by a ventral route. 

THE HYOIDEAN SINUS 

The hyoidean sinus {hs., figs. 8 and 9) in a ten-millimeter Ammocoetes is a 
vessel of large caliber, being wide at the dorsal end and narrowing ventrally 
almost to the midventral line. Into the dorsal part of the sinus anteriorly enter 
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the ventral orbital vein (ov., fig. 9) and the facial vein {fv,) which we have 
discussed, and the dorsal velar vein (dv.). At the posterior upper angle, the 
hyoidean sinus runs under the otic capsule obliquely backward to join the 
superior jugular vein {sj,) on its median side. Just below the posterodorsal 
angle of the sinus where it leads to the superior jugular vein, the sinus is con¬ 
nected with a longitudinal and superficial vein (Is,) which extends across the 
first and second arches, receiving from these two arches a segmental vein be¬ 
fore it joins the superior jugular midway between the second and third arches. 

If the animal studied be in a normal position with the back upward, the 
mass of blood in the large hyoidean sinus may move upward and backward 
under the ear capsule and on to the heart through the superior jugular. But 
the blood is free to pass downward along the sinus. If it does this, when it 
reaches the ventral angle of the sinus, it enters the inferior jugular vein (ij.', 
fig. 8). Into the lower and narrower end of the hyoid sinus, a ventral velar 
vein (vv.) also joins it. At its ventral tip, where the sinus joins the inferior 
jugular, it receives from the midventral lines two parallel vessels. The an¬ 
terior of these is formed by a midventral vessel from the lower lip, and the 
posterior, from a similar vein on the midventral line of the endostyle. 

ENDOSTYLAR CIRCULATION 

I HAVE BEEN SUCCESSFUL in observing the entrance of arterial blood to the 
endostyle only in front of the fourth afferent artery. The circulation in the 
capillaries and veins of the endostyle provides a remarkable and fascinating 
spectacle which is but poorly represented in figure 7. The vessels for circula¬ 
tion in the two sides of the gland vary somewhat in their actual pattern. Great 
difference also obtains in the circulation itself, depending upon whether the 
animal is tilted toward the left or the right side. In ventral view as one looks 
down on the endostyle, the first impression is that of whirlpools of corpuscles 
appearing suddenly through tiny openings between the columns of secreting 
cells and running in tiny vessels that take spiral courses. In some of these, the 
corpuscles whirl toward the midline; in others, away from it. In the latter the 
corpuscles may pass into the inferior jugular by the segmentally arranged 
vessels; in the former, they enter the midventral, endostylar vein and pass 
either forward or backward, depending on their location in the endostyle. 
Whichever course they take, they enter the right or left inferior jugular on 
their way back to the heart. 

In a specimen with the right side turned slightly upward, I observed a 
striking phenomenon. In the spiral just anterior to the segment of the fourth 
afferent artery, the corpuscles coursed through the narrow vessels for a mo¬ 
ment as a rapidly whirling mass. The circulation then ceased for a time and 
later began whirling again. Upon closer observation, I noticed that the aper¬ 
ture thr(3ugh which the corpuscles entered had a valvular action forcing them 
out in rapid succession across the median column of the endostyle to the mid- 
ventral vein. In this they surged forward as a dense mass and turned laterally 
arotind the tip of the endostyle to the ventral tip of the hyoid sinus fig. 
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8). From this position, they were free to go up the hyoid sinus to the superior 
jugular system, or to enter the inferior jugular and go back to the heart by 
that route. In the period of rest when the aperture was not actively opening 
and closing, the corpuscles flowed leisurely across the median column to the 
median vein and dropped back posteriorly, then laterally to the inferior 
jugular. 



Fig. 6. Diagram of branchial 
circulation and origin of ex¬ 
ternal carotid artery, 
a., afferent arteriole; 
second afferent artery; 6., 
efferent arteriole; ec., exter¬ 
nal carotid artery; e/.^, sec¬ 
ond efferent artery: sep¬ 

tum of gill; v„ ventral velar 
artery. 



Fig. 7. Circulation in endo- 
style, 10 mm., Ammoceetes, 
ventral view. Course of cor¬ 
puscles indicated by arrows, 
f., anterior endostylar vein; 
e.\ )>o8terior endostylar vein. 


THE INFERIOR JUGULAR VEIN 

A small vein somewhat like to our anterior external jugular—Honro, 1785. 

Vena jugularis infesior—Muller, 1839; Stannius, 1846, 1854. 

The inferior jugulars (ij.', fig. 8) are paired vessels which reach from the 
anterior segment of the endostyle back to the heart. A,t the heart, right and 
left jugulars unite into a common trunk (ij., figs. 1, 2, 3, 4, and 8). In its 
course back to the heart, each of the paired jugulars receives laterally nutri¬ 
ent or segmented veilis (sg., fig. 8). Each also receives on its median side seg- 
mentally arranged veins from the endostyle previously mentioned. 
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Fig. 8. Inferior jugular veins and their tributaries, Ammoeoetes. 

ao,, entrance of superior jugular (anterior cardinal) vein to sinn# venosus; at,, atrium; 
e., anterior median endostylar vein; c/, posterior median endostylar vein; hs,, ventral part 
of hyoidean sinus; ij., unpaired inferior jugular vein; ij/, paired inferior jugular veins; 
h, liver; sp.,segment^vein to the inferior jugular; t^a.,ventral aorta; vv.,ventral velar vein. 
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Where the unpaired jugular enters the sinus venosus, it is a vessel of large 
size. The great column of blood collected along its course pours into the heart 
as a steady stream cheeked only at the closure of the sinuatrial valves. In the 
dying heart, I have observed certain changes in the normal (passive) be¬ 
havior of the inferior jugular, some of which T have already recorded (p. 318). 
Others I here report. 

In one specimen in which the ventricle was quiet and the atrium active, 
there was a back effect in the inferior jugulars which reached as far forward 
as the fourth afferent artery. All tributaries of the inferior jugular at this 
time were gorged with blood. In another specimen, ventricular and atrial 
beats were slow but fairly regular. The base of the inferior jugular, as well as 
the sinus venosus, underwent a pulsation of two clear beats to a single one of 
the atrium and one of the ventricle. The pulsations in the inferior jugular 
then ceased and the atrium became feeble. Revived with water, the atrium 
and the ventricle drew out almost in a straight line; the inferior jugular and 
the sinus were active, but the atrium and the ventricle were halting in their 
activity although equal in number of pulsations. The column of blood in the 
inferior jugular moved back and forth twice to each closure of the sinuatrial 
valves. A final observation already recorded may be repeated here. In this 
specimen the last sign of life was a distinct and regular beat at the ba.se of the 
inferior jugular vein. 


THE INTERNAL CAROTID ARTERY 

Artoria carotis interna—Stannius, 1846, 1854. 

Artftrc carotide interne—Milnc-Edwards, 1858; Julin, 1887. 

Carotids poeteriore—Carazzi, 1905. 

Carotis anterior—^Miiller, 1839; Stanniua, 1846,1854. 

Carotis interna—il^tl, 1858,1872. 

Carotis interna anterior—Muller, 1839. 

Internal carotid artery—Allen, 1905; Allis, 1908; Daniel, 1922,1928,1934. 
Paired dorsal aorta, psendobranchial sections—Corrington, 1930. 

Part of posterior carotid plus commissure “w”—T. J. Parker, 1886. 


The internal c.\rotid (ic., fig. 11), which continues the paired dorsal aorta 
(do.') forward and inward, after having given off the orbital artery (oo.) 
turns in toward the brain and runs so deep that it can only be followed in an 
occasional favorable specimen. In figure 11 its branches and relationships are 
shown. As it passes inward, it approaches or joins a similar artery from the 
opposite side and then curves outward and forward around the infundibulum, 
giving off a branch which passes to the anterior part of the nasal apparatus. 
The main artery then turns upward between the olfactory and optic lobes as 
the cerebral artery (co.). 
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rig. 10. Circulation on brain^ 10 mm., Ammocoetes, 
dors^ view. Source and direction of flow shown by ar- 
rows. Light blue in great dorsal sinus; orange in super¬ 
ficial jugular vein. 

oh.f cerebellum; c., eye; cp., pineal body; np., nasal 
pit or aperture; oL, olfactory lobe; op., optic lobes; ot, 
otic or ear capsule. 
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A great column of blood is carried hy the internal carotid artery. I have 
observed in a number of specimens which had little pigment that the blood in 


this vessel comes not only from the first effer¬ 
ent artery above but also, in part, from the sec¬ 
ond efferent. The blood from the second efferent 
as it pours into the unpaired dorsal aorta di¬ 
vides into two currents. Part of it flows back¬ 
ward in the aorta toward the body and part 
forward toward the head. At the anterior third 
of the otic capsule, the forward current sepa¬ 
rates and passes left and right through the 
paired dorsal aortae {da/, fig. 11). At the open¬ 
ing of the first efferent (ef/), the circulating 
mass increases its volume. About one-third of 
the corpuscles arc next shunted outward 
through the orbital artery (oa.) and those re¬ 
maining form a broad column which passes 
by way of the internal carotid (i.c.) inward 
and around the anterior tip of the notochord 
(ch.). These corpuscles (H-H, fig. 10) reap¬ 
pear in large part, as we shall see in a moment, 
as they enter the sinuses over the brain. 

CIRCULATION OYEll THE BRAIN 

The movement of hlood over the brain of Am¬ 
mocoetes provides a rare spectacle. This spec¬ 
tacle is produced in ])art by the fact that the 
blood moves in immense cavities and conse- 



quently that millions of corpuscles pass by in a SSi'lO 

single view (see fig. 10). Again, if the body be mocoetes. 

tilted to the right or left, this mass effect is ra., cerebral artery ;^.,noto- 

augmented, for the floating hordes of cells may aorta; da.',paired dorsal aorta; 
be found flowing on one side only, while the first and second efferent 

other side may be free from blood for long j)e- nal carotid artery; deepjug- 
riodsof time. orbital artery. 


THE DORSAL SINUS 

The volume of circulation of the brain takes place in this overlying sinus. 
The most anteriof vessel to enter it comes up between the olfactory lobes {oL, 
fig. 10), and the corpuscles from this, represented by arrows with solid heads, 
flow backward around the pineal body (ep,) and over the optic lobes (op,) 
toward the median line. At this position they are joined by the many cor¬ 
puscles ( ) which come up from the cerebral artery (oa., fig. 11) between 

the optic and olfactory lobes; and these combined streams spread out in the 
form of a broad band as it passes backward over the optic lobes (op.). If the 
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specimen studied be tilted slightly to right or left, many of the corpuscles will 
flow across to the opposite side in the groove separating optic lobes and cere¬ 
bellum (c&.); otherwise the broad column of corpuscles passes on back over the 
otic capsule (ot), where it meets a counter current coming forward from the 
roof of the medulla. The two counter currents clash behind the otic capsule, 
swerve outward, and pour down as a great funnel (/I., fig. 9), the posterior 
cerebral vein (pc., figs. 9 and 10), and into the superior jugular vein. 

The relation of the venous blood to the brain in Ammocoetes is unlike that 
in the Elasmobranch fishes. In the Elasmobranchs well formed posterior cere¬ 
bral veins (Rex, 1891; O’Donoghue, 1914, 1928; Daniel, 1922, 1928, 1934) 
relieve the blood from the optic lobes in part, and from the cerebellum and 
medulla, and carry it back to the anterior cardinal sinus. In Ammocoetes the 
only part of this posterior cerebral vein (pc., fig. 9) present is the terminal 
funnel by which it leaves the sinus. The funnel receives as well all venous blood 
from the anterior parts of the brain, and consequently an anterior cerebral 
vein in Ammocoetes is absent. 

THE SUPERFICIAL AND DEEP JUGULAR VEINS 

Veine jugulaire supprficielle—Julin, 1887. 

Voine jugulaire profonde—Julin, 1887. 

The sopeepicial jugular {}., fig. 9) reaches from the nasal apparatus to the 
posterior end of the otic capsule and runs superficially over the eye and the 
ear capsule. Through an asymmetrical aperture on one side of the anterior 
part of the nasal pit, corpuscles enter this vein and some of these flow forward 
around the nasal apparatus and pass backward in the vein on the opposite 
side. Others enter posterior to the nasal apparatus. These two streams unite 
and move backward in a wider sinus over the olfactory lobes ( ol., figs. 9 and 
10) and then swing outward at the optic lobes and around the otic capsules in 
a relatively slender vessel. 

The deep jugular (j/, fig. 11) arises in the Y-shaped space separating the 
orbital (oo.) from the internal carotid arteries (t.c.). It extends posteriorly 
parallel to the internal carotid artery and under the first efferent and along 
the median side of the otic capsule. A branch of it may join the superficial 
jugular just behind the ear capsule, but the union of the two may be made 
farther back, halfway between the entrance of the second and third efferents 
to the dorsal aorta. This vessel carries a good many corpuscles, but its source 
is so deep that I have had difficulty in ascertaining just where these come from. 
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THE SUPERIOR JUGULAR VEIN 
(ANTERIOR CARDINAL) 

Internal jugular vein—^Monro, 1785. 

Vena jugularis superior—Muller, 1839. 

Vena vertebralis anterior s. jugularis—Stannius, 1846, 1854. 

Veine jugulaire—^Milne-Edwards, 1858. 

Veine jugulaire commune—Julin, 1887. 

Vena jugularia-Owen, 1866; Huxley, 1871. 

The superior jugular (sj,, fig. 9) or anterior cardinal vein is formed by the 
union of the superficial and the deep jugular veins, after the former has re¬ 
ceived the posterior cerebral vein and the hyoidean sinus. On its course to the 
heart, the superior jugular, like the inferior jugular, receives numerous seg¬ 
mental veins (sg,, fig. 9). 

Near their termini, right and left superior jugulars broaden out as sinuses 
near the midline and drop down through the ara of pronephric funnels into 
the sinus venosus (ac,, fig. 3). Thus, much of the blood which we have followed 
forward from the heart is returned to the heart through these great channels. 


SUMMARY 

The study of the circulation in a transparent type like Ammocoetes, in 
which one can observe individual corpuscles thread their way through even 
their terminal vessels, offers marked advantage over a study by dissection, 
where only the grosser vessels appear. 

The changes in the form of the heart from the 2V^ to mm. stages were 
studied, and the activity of the heart was followed as it carried forward the 
first bit of colorless plasma and on to the stage in which the force of its in¬ 
creased beat drove a great mass of corpuscles to all parts of the body. 

The dying heart was observed and the endurance of the auricle especially 
noted. 

The vessels and the circulating blood in the gills were studied in detail in 
larvae of from 7 to 10 mm. in length. 

The external carotid artery on each side is formed from two vessels which 
are the ventral prolongations of the lower ends of the second and third efferent 
arteries. Oxygenated blood, which can be seen to pass through two or three of 
the ventral gills of the second and third arches, supplies this vessel. 

The circulation in the endostyle was followed and the course of the blood 
stream charted. 

The divisions of the orbital artery, formerly designated as the external 
carotid, and the passage of blood through these divisions, lias been observed 
in numerous specimens, and tlie relation of these terminal branches on the 
side of the face to the external carotid artery is figured accurately. Moreover, 
the changes which take place between the 9 and 10 mm. stages in the terminal 
relations of the vein common to these two systems is described. 
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A discussion of the evolution of the orbital (stapedial) artery from the 
cyclostomes to man is added. 

The most spectacular feature in the circulation of Ammocoetes is the course 
of blood over the brain. Corpuscles may be observed to enter from the ter¬ 
minal arteries under or at the sides of the brain, into the great sinuses, and 
to pass in parallel currents back over the divisions of the brain and pour 
down through great funnels on each side behind the ear capsules into the 
superior jugular veins. 

All this blood may return to the heart dorsally by way of the superior jugu¬ 
lar system, or some of it may pass down the hyoid sinus and into the heart 
through the inferior jugular system. 
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INTRODUCTION 

t 

This papbb deals with the ciliate fauna of the stomach of a relict member of 
the ox tribe. Bos gaurus. This animal is related to the wisent. Bison honastts 
Linnaeus, of the Russian forests. The gaur still exists in southern Asia on 
slopes of the Himalayan Mountains, in the Nilgiris, and in the Malay States. 
A few individual were still to be found in Java in 1916. 

The gaur represents a persisting wild type of the ox tribe, never domesti¬ 
cated, and still resistant to domestication. A few specimens are known in 
zo51ogical gardens, and these have been captured while still young and reared 
under conditions of restraint. We were told at Mysore that the single speci¬ 
men in the Zoological Gardens of that city, captured while young and reared 
in the Gardens, still retained its feral characteristics. 

[ 341 ] 
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Since this wild ox has never existed under conditions of domestication, and 
since its range in pasturage is confined to primeval forests where domesticated 
cattle rarely enter, it might be expected that the ciliate fauna of its stomach 
would represent a more primitive, or at least a more restricted, type of in¬ 
fection than that found in domesticated cattle. It was hoped that the ciliate 
fauna of its stomach might throw some light upon the nature of primitive 
fauna of the ox tribe and upon the effects of the isolation of this species from 
the domesticated types of oxen. 

The faima of the stomach of the gaur does not, as we had hoped, i^ow any 
notable distinctions from that of domesticated cattle. The same genera occur 
in it as in domesticated cattle, and eleven species found in its stomach are 
identical with Hiose occurring in the stomach of Indian cattle. These eleven 
species and nine others not found in Indian cattle occur also rather widely 
among domesticated cattle elsewhere in the world. There are five new species 
found in the gaur, but they are closely related to species known in Indian 
cattle and other domesticated oxen. There is no evidence in the composition 
of the ophryoscolecid fauna in the gaur of any distinctive or notably char¬ 
acteristic line of evolution among these ciliates. 

The existence of this similarity of the ciliate fauna in this isolated member 
of the ox tribe to that of other oxen suggests either (1) that the components 
of the fauna had been evolved and differentiated among primitive oxen prior 
to their separation in later evolutionary differentiation, or (2) that the line 
of evolution followed has been similar in the different host species after their 
evolutionary separation, or (3) that, in the face of the isolation resulting 
from the separation of feral and domesticated oxen, there has still been con¬ 
tact sufficient to provide for cross-infection and for commingling of the ciliate 
faunas of the stomach of the two groups. Of these three possibilities, the first 
and second can never be tested; the third has at least the support of the fact 
that faunas of ruminants are to at least a considerable degree transferable 
under experimental conditions. 


HOST AND METHODS OP COLLECTING 

The host was Bos gaurus H. Smith, an old bull from the sandalwood and teak 
forests of H.R.H., the Maharajah of Mysore. The bull was an aged outcast 
from the small remaining herd in the Mysore jungle near the Nilgiri Moun¬ 
tains in Mysore State, India. This herd was reputed at the time to be com¬ 
posed of about eighty members, some twenty of which were seen by us in our 
visit to the jungle. They had been protected, and no shooting of them within 
the forest reserves of Mysore State had been permitted for years. The bull 
was taken by permission of the Maharajah and under the supervision of Mr. 
Bao, Game Conservator of Mysore State. 

The hei^ was still exceedingly wild and difficult of approach. The bull was 
tracked by the two official game watchers of the forest, native men skillful 
in finding animals in the jungle. The trail was picked up about five o’dodi in 
the morning at a point wWe the bull had crossed the jungle path, grazing <m 
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the very scantj, dew-laden grass. He was detected grazing in the scrub. Upon 
the first shot the bull at once snorted, lowered his massive head, and charged 
with great rapidity down upon the advance members of our party. 

Mr. P. W. P. Pletcher, in charge of our party, shot the animal, but it took 
three bullets from a high-velocity cordite rifle of 0.450 calibre to bring him 
finally to earth. 

The animal was a magnificent specimen of the gaur, with the typical almost 
hairless shin, roan color, and four symmetrical white “stockings.” The height, 
measured on the carcass, was 6 feet, 6 inches, at the shoulder, and the weight 
was estimated at 2200 pounds. 

The body was opened up immediately and the fluid from the four com¬ 
partments of the stomach drained separately, fixed in hot Sehaudinn’s fluid 
while still warm, and later transferred to 70 per cent alcohol browned by the 
addition of Lugol’s solution. 

REVIEW OP THE LITERATURE 

The family Ophetoscolecidae according to Dogiel (1927) consisted of 7 
genera (Entodinium, Diplodinium, Ophryoscolex, Opisthotrichum, Epidin- 
ium, Cunhaia, and Caloscolex) and 117 species. Eofoid and MacLennan 
(1932) restricted the genus Diplodinium and revised it into 10 genera on the 
basis of significant differences in skeletal pattern, and (1933) erected a new 
genus Epiplastron to include species similar to Epidinium in form but with 
a skeletal complex of five parallel plates on the right and ventral surfaces. 
As conceived by Kofoid and MacLennan (1930, 1932, 1933), the ophryo- 
scolecid fauna from Bos indicus consists of 14 genera, as follows: Entodinium 
Stein, Diplodinium Schuberg sens, str., Eodinium Kofoid and MacLennan, 
Eremoplastron E. and M., Eudiplodinium Dogiel, Diploplastron E. and M., 
Metadinium Awerinzew and Mutafowa, Polyplastron Dogiel, Elytroplastron 
E. and M., Ostracodinium Dogiel, Enoploplastron E. and M., Epidinium 
Crawley, Epiplastron K. andM., and Ophryoscolex Stein. Three other genera, 
Caloscolex Dogiel, Opisthotrichum Buisson, and Cunhaia Hasselmann, added 
to the 14 given above, make up a total of 17 valid genera of ciliates in the 
family. In addition to the 118 species recorded by Dogiel (1927) 45 new ones 
have^nce been described, 28 by Eofoid and MacLennan (1930,1932,1933), 
6 by Dogiel (1928,1932), 8 by Wertheim (1932,1933), and 3 by Hsiung (1931, 
1932), With the 5 described in the present paper there are now 168 species in 
the family Ophryoscolecidae. Of this number 25 were found in the stomach 
of the gaur as compared to 62 species recorded by Eofoid and MacLennan 
(1930,1932,1933)‘from Bos indicus. This larger number is in part a function 
of the larger number of stomachs examined in the latter species. 
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CHARACTERISTICS OP THE OPHRYOSCOLECIDAB PROM 

BOS GAURUS 

Eleven species op ciliates foiind in Bos gaums were reported also from 
B. indieus by Eofoid and MacLennan (1930, 1932, 1933). A comparison of 
these species common to the two hosts shows certain significant differences in 
10 of the 11 species. 


Dhtferencbb 


Speciet 

From Bo§ gavrut 

From Bot irulieut 

Sntodinium nanellum 

Body relatively stouter 

Body relatively longer 

Entodinium acutonucleatum 

Macronucleus variable 
Spines relatively longer 
Notch between ventral 
spines deep 

Macronucleus not very variable 
Spines relatively short 

Notch between ventral spines 
shallow 

Bntodinium longinucleatum 

Macronucleus uniformly 
long 

Macronucleus variable in length 

EnUidinium indicum 

No significant differences 

No significant differences 

Epidinium caudatum 

Body absolutely smaller 

Body absolutely larger 

Epidinium quadricaudatum 

Body absolutely smaller 
Body relatively stouter 

Body absolutely larger 

Body relatively longer 

Eremoplaatron rostratum 

Body absolutely smaller 
Body relatively stouter 
Spine relatively shorter 

Body absolutely larger 

Body relatively longer 

Spine relatively longer 

Eudiplodinium maggii 

Body absolutely smaller 
Body relatively stouter 
Mouth relatively wider 

Body absolutely larger 

Body relatively longer 

Mouth relatively narrow 

Metadinium medium 

Body absolutely smaller 
Mouth relatively wider 

Body absolutely larger 

Mouth relatively narrow 

Oatracodinium gracUe 

Body absolutely smaller 
Body relatively stouter 

Body absolutely larger 

Body relatively longer 

Oatracodinium triveaiculatum 

Body absolutely smaller 
Body relatively stouter 

Body absolutely larger 

Body relatively longer 


There is a very pronounced tendency for specimens from the ganr to be 
characteiristically smaller add proportionately shorter and stouter than the 
specimens of the same species from B. indieus. This difference is most signifi¬ 
cant in the lai^r, more highly organized species such as Epidinium guadri- 
ca/udatvm, Eudiplodinium maggU, Ostracodmium gracUe, and Ostraeodih 
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nium trivesiculatum. In Epidinium caudatum and Metadinium medium the 
differences are only in absolute size. Comparable size differences were not 
found by Kofoid and MacLennan between different hosts within the species 
B. indicm. 

A second tendency in which species from the gaur differ from the same 
species from the Indian ox relates to caudal spination. Thus, Entodimum 
acutonucleatum from Bos gaurus possesses spines which are both absolutely 
and relatively longer than those of the same species from B. indicus. This con¬ 
dition is reversed, however, in the single spine of Eremoplastron rostratum, 
since the spine of specimens from the Indian ox is longer, absolutely and 
relatively, than that of specimens from the gaur. Again, the spine of Epi¬ 
dinium caudatum of specimens from both hosts corresponds closely in length. 
It is clear that no generalization can be made respecting quantitative differ¬ 
ences in the spination of specimens from the two hosts. 

In Eudiplodinium maggii and Metadinium medium the mouth is relatively 
wider in specimens from the gaur than in those from the Indian ox. It is not 
known to what extent the contraction resulting from fixation may influence 
the size of the mouth, though the correspondence in sizes of the mouth for 
other species and in the common mode of fixation of specimens from both hosts 
indicates that these are definite quantitative differences. 

The table on page 344 shows the differences between the specimens of spe¬ 
cies occurring in both Bos gaurus and B. indicus. 

The following table summarizes the differences between Diplodinium mono- 
canthum from Bos gaurus and the species reported as 2>. mona^anthum Dogiel 
1927 from B. indicus (K. and M., 1932). These differences, since they include 
a qualitative, seemingly heritable difference, the cuticular fold, are sufiBcient 
to justify the designation of the species from B. indicus as new. The species 
described from B. indicus as B. monacanthum Dogiel 1927 we now designate 
as D. ceylonicum sp. nov.: 


Defterences 


Diplodinium monaeanthum 
from B, go%oru9 

Diplodinium ceylonicum sp. nov. 
from B. indicue 

Cuticular fold present. 

Cuticular fold absent 

Body absolutely smaller. 

Body absolutely larger 

Body relatively longer 
^ine absolutely much shorter 
Spine relatively very short 

Body relatively stouter. 

Spine absolutely longer. 

Spine relatively longer. 



In addition to the 11 species which occur in both B. gaurus and B. indicus 
5 new species are described from B. gaurus: Entodinium contractum, B. cur- 
turn, Metadinium rotundatum, Ostracodinium gauri^ and 0. mysorei. Also, 
9 species were found in B. gaums which were not found in B. indicus, and 
these are redescribed: D. monacanthum, D, diacanthum, D. triacanthum, D. 
tetracanthum, D, pentacanthum, B. anisacantkum, B. minor, Eodinium bUo- 
bosum, and Epidinium parvicaudatum. 
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OCCURRENCE OP GENERA AND SPECIES IN BOS QAURUS 

The following table shows the relative abundance of the species of Ophryo- 
scoleoidae found in Bos gaurus. In the first count (I) 100 specimens of the 
genus Entodinium are recorded while all the other Ophryoscoleoidae and 
Holotricha are lumped indiscriminately. The second count (II) includes only 
100 specimens of the higher Ophryoscoleoidae. This method offers an effective 
means of showing the numerical preponderance of specimens of the genus 
Entodinium, as well as an opportunity to compare these figures with those 
taken from specimens from B. indicus by Kofoid and MacLennan (1930, 
1932, 1933): 


List or Ophbtoscolecidai: fboii the Stomach of Bo» gaurw 


Speoiaa 

From 3d 
atomaob 

From 8d and 
4th atomaoha 

I. ErUodinium 

Entodinium acutonucleatum . 

31 

18 

corUractum . 

6 

7 

curium . 

7 

1 

indicum . 

3 

4 

longinucleiUum . 

2 

4 

nanellum . 

52 

66 


Total for ErUodinium . 

100 


Other Ophryoscoleoidae. 

54 

68 

Holotricha. 

40 

13 


11. Higher Ophryoscoleoidae 

Diplodinium minor . 

monacarUhum . 

15 

30 

9 

20 

diaconlkum . 

1 

Pr.* 

triacanthum . 


Pr. 

tetracanthum . 


Pr. 

pentacanthum . 


Pr. 

anisacarUhum . 


Pr. 

Eodinium bilobosum . 

Pr. 

1 

Epidinium caudatum . 

1 

7 

quadricaudatum . 

Pr. 

parvicaudcUum . 

1 

Pr. 

Eremoplastron rostratum . 


2 

Eudiplodinium maggii . 


11 

Metadinium medium . 


3 

rotundatum . 

2 

6 

Oetracodinwm gauri ... 

3 

8 

gracUe . 

12 

16 

myeorei . 

3 

10 

triveeiculatum . 

5 

7 

• 



Total...... 

aoo 

100 



* Pr. indioatM Uiat th« speoicf ia pramt bat waa sot found during the count. 
Compare 1 with Xofoid MaeLannan (1919). 

Compare H with KMoid and MacTjannau (1983, 1968). 
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Bntodiniiun acntonndeatam Eofoid and MacLennan 1930 
Plate 25, figure 1; figure 1-2 

Diagnosis. —See Kofoid and MacLennan (1930, p. 503). 

Variations. —Specimens of this species taken from B. gawrus show no im¬ 
portant variations in shape and proportions of spines, the same constancy 



Fig. A. 1 an^ 2. E*todi*ium aovtonveleatum Kofoid and MaeLennan 1030; 

8 and 4, S. Umginu^atvm Dogiel 1925 ; 5 and 6 , E. eurtwm ep. nor.; 7 and 8, 

E. indieum Kofoid and MaeLennan 1930; 9 and 10, E. oontraetum ap. nov.; 11 
sad 12, E. Hanellum Dogiel 1922; 13-18, maeronucleue of E. aoutonueleatum 
showing variation in sise and shape. I, right lateral view; d, dorsal view, x 600. 

having been noted for examples from B. indhus by Eofoid and MacLennan 
(1930). Greater variation, however, occurs in the macronucleus of specimens 
from B. gawrus than in those from B. indieus, since in the former host the 
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specimens have macronuclei with all intei^adations from perfectly rounded 
ends to those with very slightly bilobed ends (fig. A, 13-18). 

Comparison with same species from B. indicus.—^There are two striking dif¬ 
ferences between individuals of Entodinium acutonueleatum from B. gaurus 
and those from B. indicus. First, the macronucleus of specimens from the 
former host shows greater variation in shape at the extremities, as was pointed 
out under Variations. Second, the mean length of the subequal spines, meas¬ 
ured from the anal opening to the tip of the longest spine, is greater, 8 (7-10)/t 
or 0.33(0.27-0.48) of the dorso-ventral diameter in length, in specimens from 
the gaur, than in specimens from the Indian ox, which possess spines 5(3-6)^ 
long or 0.19(0.13-0.27) of the dorso-ventral diameter in length. Coincident 
Tvith this difference is the fact that the depth of the notch between the two 
ventral spines is also greater in specimens from B. gaurus, a fact evident only 
in a dorsal view of the animals. 

Measurements. —^Based on 10 individuals from B. gaurus: length, 30(26- 
36)/t; transdiameter, 21(19-24)fi; dorso-ventral diameter, 24(21-27)/i; length 
of macronucleus, 29(26-34)/i; dorso-ventral diameter of mouth, 14(12-16)#t; 
and length of tail, 8(7-10)/*. 

Occurrence. — E. acutonueleatum has been reported by Kofoid and Mac- 
Lennan (1930) from B. indicus from Coonoor, India, and Colombo, Ceylon, 
and it occurs m moderate numbers in B. gaurus. 


Entodinium contractum sp. nov. 

Plate 25, figure 4; figure A, 9-10 

Diagnosis. —Only a single zone of membranelles, the adoral; body pyriform 
in lateral outline and elongated (1.39-1.66 dorso-ventral diameters in length); 
dorsal and ventral surfaces smoothly convex in anterior two-thirds of body, 
leveling out gradually in posterior third; posterior end of body smoothly 
rounded; macronucleus a curved, club-shaped rod, broader and deeper in 
anterior half; oesophagus a curved bundle, extending posteriorly to the right 
and dorsally; anus a characteristic funnel-shaped opening to the left of the 
posterior extremity. Length of 10 specimens from B. gaurus, 43(39-46)/*. 

Description. — E. contractum possesses a characteristic pear-shaped body, 
1.48(1.39-1.66) dorso-ventral diameters in length and compressed laterally 
to 0.83(0.75-1.00) of the dorso-ventral diameter. It presents the appearance 
of having a contracted posterior end. Both dorsal and ventral surfaces are 
smoothly convex in the anterior two-thirds of the body. In the posterior third, 
however, both surfaces lose their convexity and assume a linear course toward 
the posterior end, which is smoothly rounded. This characteristic shape is 
also evident in a dorsal view of the animal, though the right side is slightly 
more convex than the left. 

A brdad oral region occupies the anterior face of E. contractum and meas¬ 
ures 0.48(0.41-0.55) of the dorso-ventral diameter. The baouth is tilted about 
4° both ventrally and to the left of the main axis of the body. 

The macronucleus is a characteristic, club-shaped rod, 1,07(0.90-1.24) 
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dorso-ventral diameters in length, lying directly along the dorsal mid-line. 
It extends along the dorsal curvature of the body from the base of the outer 
adoral lip posteriorly to the beginning of the posterior fourth of the body. 
Both ends are smoothly rounded, but the anterior half is about twice as deep 
and twice as broad as the posterior half. The micronueleus is a small, ovoid 
to subspherical body, lying directly beneath and on the left margin of the 
macronucleus, one-fourth of the distance from its anterior end. Observed from 
lateral view the micronucleus lies within the acute angle formed by the oeso¬ 
phagus and the macronucleus. 

A single contractile vacuole lies to the left of the anterior end of the macro¬ 
nucleus against the dorsal surface. It opens dorso-laterally through a small 
excretory pore. 

The oesophagus is represented by an elongated bundle of fibrils, extending 
from the oral region posteriorly and dorsally to the right. This structure 
ascends steeply at an angle of about 40° and terminates sharply to the right 
of the center of the macronucleus. A deeply staining fibril, the ventral motor 
strand, can be traced around the oesophagus just beneath and inside of the 
outer adoral furrow. 

A spacious endoplasmic sac is enclosed by a well defined boundary layer, 
which clings closely to the outer wall laterally and ventrally. On the dorsal 
surface the boundary layer forms a groove underlying the macronucleus and 
vacuole, and posteriorly it leaves the outer wall to continue to the point of 
origin of the rectum. Consequently, the posterior end contains a deep layer 
of ectoplasm, in contrast to the shallow layer elsewhere in the body. Ante¬ 
riorly, the boundary layer metres with the wall of the oesophagus near its 
point of origin. 

The rectum is a very short, dorso-ventrally depressed tube, and it is marked 
by a heavy rectal sphincter fibril at its point of origin from the endoplasm. 
A relatively large, conspicuous anus is one of the most important diagnostic 
features of this species. It consists of a prominent funnel-like opening en¬ 
tirely to the left of the posterior extremity of the body, so that it is invisible 
from a right lateral view. 

Food. —Consists of bacteria and small fiagellates. 

Measurements. —^Based on 10 specimens from B. gaurus: length, 43(39- 
46) Ilf, transdiameter, 24 (21-29) fi; dorso-ventral diameter, 29 (27-34) /i; length 
of macronucleus, 31(27-36)ft; dorso-ventral diameter of mouth, 14(12-16)#*. 

Occurrence. —Found in limited numbers in B. gaurus. 

Relationships. — F. contractum is related to E. himastus Dogiel 1927 in gen¬ 
eral body form, shape of macronucleus, and type of oesophagus. In E. con- 
tracium, however,' the posterior end of the body is regularly tapered, and 
never drawn in abruptly to form a broad, rectangular lobe as in JE^. himastus. 
In addition, the anus of E. contractum is always on the left surface of the 
posterior end, and never on the extremity as sometimes occurs in the related 
species. 
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Entodioitun curtum sp. noy. 

Plate 25, figure 5; figure A, 5-6 

Diagnosis .—^Body rotund and stout (1.21-1.56 dorso-ventral diameters in 
length); dorsal and ventral surfaces convex, with the ventral convexity most 
prmninent; one short ventral spine on posterior end; macronudeus a slightly 
curved, stout, rod-like structure, extending about four-fifths of the length of 
the body; oesophagus long, curving upwards and to the right of the macro¬ 
nucleus. Length of lO specimens from B. gaums, 45 (4(>-53) /t. 

Description .—The body of E. curtum possesses a marked rotundity, espe¬ 
cially in the posterior part, and measures 1.37 (1.21-1.56) dorso-ventral di¬ 
ameters in length, and 0.85(0.72-0.97) of the dorso-ventral diameter in trans¬ 
diameter. Both ventral and dorsal sides of the body are symmetrically convex, 
the ventral one showing it to the greater degree. Anteriorly, the dorsal con¬ 
vexity becomes even less prominent, so that at the point of union with the 
oral face a sharp angle is formed. On the posterior end the ventral border 
merges into a small spine, 0.09(0.06-0.12) of the dorso-ventral diameter in 
length, which is just below and slightly beyond the level of the anus. Dorsally 
it forms a small shelf whose base is 2.8 times its length and whose dorsal face 
has a shallow concavity which slopes toward the anal opening. 

The mouth of E. curtum is tilted to the left at an angle of about 10°, and 
deviates ventrally about 6° from the longitudinal axis of the body. The oral 
area is circular and occupies a large part of the anterior face of the animal. 
It is 0.37 (0.28-0.44) of the dorso-ventral diameter in diameter. 

The macronucleus is an elongate, rod-like body, 0.97(0.73-1.21) of the 
dorso-ventral diameter in length, lying directly along the dorsal mid-line. It 
has a constant shape and is fairly constant in size. Occasionally the macro¬ 
nucleus extends anteriorly almost to the end of the body, but typically it ends 
near the bottom of the outer adoral furrow. It is rounded at both ends, fol¬ 
lows the dorsal contour of the body, and ends posteriorly about 0.8 of the 
distance to the posterior end. Its depth remains nearly the same throughout 
its length, in contrast to the slight anterior lateral thickening evident from 
a dorsal view, from which the macronudeus appears wedge-Ehaped. The small, 
subspherical micronucleus lies directly beneath and in doss proximity to the 
ventral surface of the macronudeus, 0.25 of its length posterior to its an¬ 
terior end. 

The single contractile vacuole is in the ectoplasmic layer to the left of the 
anterior end of the macronudeus, its posterior end reaching to, or slightly 
beyond, the level of the micronucleus. It opens to the exterior through a 
minute excretory pore, which is to the left of the dorsal mid-line. 

The boundary layer, enclosing the endoplasm, lies directly underneath the 
pellide on the lateral and ventral surfaces of the body. Its even contour is in¬ 
terrupted dorsally, where it forms a concavity encasing 4he ventral face of 
the macronudeus and the contractile vacuole. 

A long, curved oesophagus is present in E. curtum. From its point of origin 
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St the center of the oral region it progresses posteriorly, curves to the right 
and dorsally at an angle of about'30°-40°, and ends on a level with the begin¬ 
ning of the posterior third of the macronucleus. This posterior termination 
is far over against the right side of the body. The wall of the oesophagus is 
composed of a number of feebly staining longitudinal fibrils, and forms a char¬ 
acteristic feature of this species. 

The anal opening lies on the extreme posterior end of the animal, just 
dorsal to the small spine, and is a relatively wide, dorso-ventrally depressed 
slit. It opens to the exterior from a sloping rectum, which tilts upward at an 
angle of 25° in making its passage from the endoplasm. At the point of junc¬ 
tion of the rectum with the endoplasmic sac there occurs a heavy fibril, sur¬ 
rounding the opening into the rectiun. 

Food .—^Bacteria and very small pieces of plant debris comprise its food. 

Measurements .—Based on 10 specimens from B. gaurus: length, 45(40- 
53)ii; transdiameter,28(24-33)/(; dorso-ventral diameter,33(26-38)/t; length 
of macronucleus, 32(27-38)/*; dorso-ventral diameter of mouth, 12(10-15)/*; 
length of spine, 3(2-4)/*. 

Occurrence .—Found in small numbers in B. gaurus. 

Relationships .—Is most closely related to E. ellipsoideum. These two species 
agree closely in general body form and proportions, in shape of macronucleus, 
and type of oesophagus. The significantly smaller size and the short, diag¬ 
nostic, ventral spine of E. curtum, however, differentiate it sharply from 
E. ellipsoideum. 


Entodinium indicum Kofoid and MacLennan 1930 
Plate 25, figure 2; figure A, 7-8 

Diagnosis .—See Kofoid and MacLennan (1930, p. 533). 

Variations .—This species is characterized by constancy in body shape, spi- 
nation, and size and shape of the macronucleus. 

Comparison with same species from B. indicus.—^No significant differences 
were found to exist in this species in these two hosts. 

Measurements .—^Based on 10 specimens from B. gaurus: length, 33(28- 
37)/*; transdiameter,20(17-22)/i; dorso-ventral diameter,23(20-26)/*; length 
of macronucleus, 23(17-32)/*; length of large spine, 12(10-16)/*. 

Occurrence .—Foimd by Kofoid and MacLennan (1930) in B. indicus from 
Coonoor, India, and Colombo, Ceylon, and in limited numbers in B. gaurus. 


Entodinium longinudeatum Dogiel 1925 
Plate 25, figure 3; figure A, 3-4 

Diagnosis .—See Kofoid and MacLennan (1930, p. 501). 

Comparison with same species from B. indicus.—The constancy in speci¬ 
mens from B. gaurus is in sharp contrast to the condition in individuals re¬ 
ported from B. indicus hy Kofoid and MacLennan (1930), which showed a 
striking degree of variability in the morphology of the macronucleus, all in- 
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tergrftdations between those with short nuclei to those with the typical E. 
longinucleatum nucleus being found. In all specimens examined from B. 
gmrus the macronucleus was found to be constantly very long, 1.28(1.16- 
1.43) dorso-ventral diameters in length, extending from the anterior end of 
the body nearly to the anal slit. In all these specimens from the gaur both 
anterior and posterior ends of the macronucleus are twice as broad as the 
middle part, and the anterior end is slightly deeper. 

Measurements. —^Based on 10 specimens from B. gaurus: length, 43(35- 
50)/*; transdiameter, 24(21-29)/*; dorso-ventral diameter,29(25-32)/*; length 
of macronucleus, 37(29-42)/*; dorso-ventral diameter of mouth, 14(13-17)/*. 

Occurrence. —In addition to the localities given by Kofoid and MacLennan 
(1930) E. longinucleatum has been found in sheep from China by Hsiung 
(1931) and in limited numbers in B. gaurus. 

Entodinium nanellum Dogiel 1922 

Plate 25, figure 6; figure A, H-12 

Diagnosis. —See Kofoid and MacLennan (1930, p. 524). 

Variations. —There are no significant variations in specimens from B. 
gaurus, as was also noted for those from B. indicus by Kofoid and MacLennan 
(1930). 

Comparison with same species from B. indicus.—^Measurements show that 
the individuals of this species taken from B. gaurus are relatively stouter than 
those taken from B. indicus. Specimens from the former host are 1.61(1.44-' 
1.75) dorso-ventral diameters in length, while those from the latter are 1.76 
(1.50-2.00) dorso-ventral diameters in length. It is interesting to note that 
Dogiel (1927) has reported individuals of this species from Aepyceros md- 
ampus from British East Africa having a value of 2.00 for this same relation¬ 
ship. In morphological characteristics there are no noticeable differences be¬ 
tween individuals from B. gaurus and those from B. indicus. 

Measurements. —^Based on 10 specimens from B. gaurus: length, 29(25- 
35)/*; transdiameter, 14(12-17)/*; dorso-ventral diameter, 18(16-20)/*; length 
of macronucleus, 17 (13-23)/*; dorso-ventral diameter of mouth, 9(7-10)/*. 

Occurrence. —Occurs abundantly in B. gaurus. 

Diplodinium minor Dogiel 1925 

Plate 25, figure 8; figure B, 8-4 

Diagnosis. —^Body oval, truncated anteriorly, relatively stout (1.22-1.51 
dorso-ventral diameters in length), and somewhat triangular in lateral view 
in the posterior third; dorsal zone of membranelles lies at same transverse 
level of body as adoral zone; a narrow, longitudinal cuticular line on right 
dorso-lateral surface, extending from base of outer dorsal furrow to dorsal 
edge of*anal opening; rectum a dorso-ventrally depressed canal opening to 
exterior through inconspicuous slit-like anus on posteriar end; endoplasmic 
sac does not extend anteriorly into operculum. Length, 53-90/*; length of 10 
specimens from B. gaurus, 60(53-80)/*. 
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Description ,—^The body of D. minor is relatively stout (1.22-1.51 dorso- 
ventral diameters in length) and strongly compressed laterally (0.68-0.81 of 
the dorso-ventral diameter in transdiameter). In lateral outline it appears 
oval, though truncated anteriorly and somewhat triangular in the posterior 
third. The greatest dorso-ventral diameter occurs in the mid-body region. The 
ventral surface of the body is more strongly convex than the dorsal surface, 
especially in the part of the body just posterior to the middle. The dorsal sur¬ 
face maintains a constant convexity from the dorsal membranelle zone to the 
roof of the anal aperture. From the dorsal view the lateral surfaces of the 
body appear almost equally convex, both tapering gradually toward the 
smooth posterior extremity. Anteriorly, these lateral convexities merge con¬ 
tinuously with the rounded operculum. The greatest transdiameter of the 
body is found a short distance posterior to the level of the micronucleus, at 
about 0.4 of the body length behind the apex of the anterior end. A distinct, 
longitudinal, cuticular groove, appearing as a dark line, extends along the 
dorso-lateral part of the right surface from the dorsal zone to the dorsal wall 
of the anal aperture. 

The oral region is of moderate size, 0.40(0.28-0.49) of the dorso-ventral 
diameter in diameter, and is tilted both ventrally and laterally to the left at 
angles of about 25° from the main axis. A shallow operculum projects ante¬ 
riorly a short distance beyond the oral zone and separates it from the dorsal 
zone of locomotor membranelles. This dorsal zone lies at the same transverse 
level of the body as the adoral zone and is tilted to the left of the main axis 
at an angle of about 10°. 

A typical Diplodinium macronucleus lies under the right surface of the 
body, slightly dorsal to the lateral mid-line. This structure is relatively stout, 
0.71 (0.65-0.93) of the dorso-ventral diameter in length, and the anterior third 
is bent ventrally at an angle of 45°, presenting a somewhat hatchet-like ap¬ 
pearance. The dorso-ventral diameter in the anterior ventrally curved portion 
is twice as great as in the posterior third, while the transverse diameter is 
only slightly greater in the anterior third than in the posterior third. There¬ 
fore, from dorsal view the macronucleus appears somewhat cuneiform. The 
posterior surface is small and smoothly rounded, but the anterior surface, 
while typically smooth, shows intergradations toward an irregular surface 
(fig.'B, 5-10). On the antero-dorsal surface the macronucleus is slightly con¬ 
cave. A small, ovoid micronucleus lies in this concavity near the left margin 
of the macronucleus. 

There are two contractile vacuoles lying on the dorsal mid-line of the body. 
The forward vacuole is at the transverse level of the micronucleus, while the 
posterior one is at the beginning of the posterior third of the body, or nearly 
on the level of the posterior end of the macronucleus. Both vacuoles lie to the 
left of the macronucleus. Usually, the posterior vacuoje is much smaller than 
the anterior one, and both usually present an ellipsoidal appearance result¬ 
ing from dorso-ventral depression. Each possesses a short excretory duct lead¬ 
ing to the exterior through a small pore on the mid-dorsal surface. 

An inconspicuous oesophagus is weakly marked by several curved, longi- 
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tudinal fibrils which extend from the mouth postero-dorsally at an angle of 
15° and to the right at an angle of 25° from the main axis. These fibrils ter* 
minate on the right surface near the middle of the body and just ventral to 
the posterior third of the macronucletis. 

A spacious endoplasmic sac is clearly delimited by a well defined bound¬ 
ary layer. The regularity of this layer is interrupted by two small dorsal con¬ 
cavities in which lie the two contractile vacuoles, and by a large concavity on 
the right side containing the macronucleus. Anteriorly, the boundary layer 




Fig. B. 1 and 2, Soditiium bilobosum (Bogiel 1927); 8 and 4, Diplodinium 
minor Dogiel 1925; 5-10, maeronndeus of D. minor showing yariability in 
sise and Aape. I, right lateral view; d, dorsal view, x 600. 


tapers sharply to merge with the anterior part of the oesophagus. It makes 
no diverticulum into the operculum such as occurs in a related species, D. 
eostatum Dogiel 1925. In the posterior end the boundary layer retreats from 
near the body surface to give rise to the rectum. 

The rectum is a poorly defined but strongly dorso-ventrally depressed 
canal, leading from the endoplasmic sac postero-dorsally at an angle of 30°. 
It flares out to form a broad, somewhat dorso-ventrally depressed anus, which 
lies on the extreme posterior end of the body in a conspicuous depression. 

Food. —^Many'pieces of plant debris of variable sizes are found within its 
endoplasm. 

Variations. — D. minor appears to vary significantly in only one feature, 
the macronucleus. The anterior surface of this structure varies from the 
typical form, which is smoothly rounded, to those in which this face assumes 
an irregular, somewhat lobate, contour (fig. B, 5-10). In addition, the ventral 
surface of the macronucleus shows intergradations from nearly straight to a 
considerably concave surface. Variation in size of body and size of macro- 
nucleus is considerable, but this is correlated with the stage in the life-cycle 
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at which observations are made, since specimens approaching division are 
larger. 

Measurements. —^Based on 10 specimens from B. gaurus: lei^rth, 60(53- 
80)/*; transdiameter,33 (30-42)/*; dorso-ventral diameter,45(40-53)/*; length 
of macronuclens, 32(26-41)/*; dorso-ventral diameter of mouth, 18(15-21)/*. 

Dogiel (1927) gives the following measurements for D. minor: length, 75 
(60-90)/*; dorso-ventral diameter, 47 (45-51)/*; relation of length to dorso- 
ventral diameter, 1.6. 

Occurrence. —Occurs in the African antelope {Bhaphiceros sp.) and bush- 
buck (Tragelaphus scriptus) from British East Africa (Dogiel, 1925) and in 
moderate numbers in the gaur. 

Relationships. —The presence of a distinct, longitudinal, cuticular line 
along the length of the right dorso-lateral surface of the body, and the rela¬ 
tively stout and oval appearance, relates D. minor to D. rangiferi Dogiel 1925, 
D. dogieli E. and M. 1932, and D. costatum Dogiel 1925. These four species 
comprise the natural rangiferi group (Kofoid and MacLennan, 1932). 

Diplodinimn monacuithnm Dogiel 1927 

Plate 26, figure 9; figure C, 1-2 

Diagnosis. —See Kofoid and MacLennan (1932, p. 78). There is also a longi¬ 
tudinal cuticular groove along the right dorso-lateral surface. 

Variations. —One individual with a bifurcated ventral spine was observed. 

Comparison with the species described as Diplodinium monaeanthum from 
B. indicus.—Specimens of D. monaeanthum from B. gaurus differ from those 
described as D. monaeanthum from B. indicus (K. and M., 1932) in body size 
and proportions, and in actual and relative length of the caudal spine. Indi¬ 
viduals of this species from the gaur are 60(50-68)/* or 1.40(1.30-1.62) dorso- 
ventral diameters in length, 34(30-38)/* or 0.78(0.70-0.95) of the dorso-ven¬ 
tral diameter in transdiameter, and the caudal spine measures 13(10-17)/* or 
0.30(0.23-0.40) of the dorso-ventral diameter in length. The specimens de¬ 
scribed as D. monaeanthum from the Indian ox are 92 (60-124) /* or 1.66 (1.52- 
1.82) dorso-ventral diameters in length, 49(33-64)/* or 0.90(0.84-0.94) of the 
dorso-ventral diameter in transdiameter, and the caudal spine is very small, 
being only 6 (5-8) /* or 0.10 (0.08-0.13) of the dorso-ventral diameter in length. 
Differences in the sizes of macronuclei and mouth diameters are absolute only, 
and are concurrent with differences in body size of specimens from the two 
hosts. 

There are other differences to be observed, one a qualitative difference, the 
presence of a cuticular groove in specimens from B. gaurus. D. monaeanthum 
from the gaur was found to possess a distinct, longitudinal, cuticular groove 
on the right latero-dorsal surface, a structure not observed in the specimens 
described as D. monaeanthum from the Indian ox. The relatively less tapered 
posterior end and the situation of the rectum farther dorsally from the pos- 
tero-ventral border in the specimens from the gaur are correlated to the 
relatively shorter length of body and relatively larger ventral spine in these 
specimens. 
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Measurements .—^Based on 10 specimens from B. gaums: length, 60(5(K- 
68)/it; transdiameter, 34(30-38)ju; dorso-ventral diameter,43 (39-45)length 
of macronudeus, 3-2(24-39)/i; dorso-ventral diameter of mouth, 17(14-19)f»; 
length of spine, 13(10-17)/tt. 

Dogiel’s (1927) measurements of this species from domestic cattle in the 
TJ.S.S.B. are intermediate between ours from the gaur and the Indian ox. 
Since there are no structural differences which distinguish the individuals 
from the gaur from those described by Dogiel we regard the difference in size 
as not systematically significant. 

Occurrence. —Found in cattle from the U.S.S.R. by Dogiel (1927) and 
abundantly in B. gaurus. 

Relationships. —This species is the second member of the D. anacanthum 
group. This species as described by Kofoid and MacLennan (1932) from the 
Indian ox lacks the cuticular groove, is distinctly and consistently larger, and 
has a shorter spine. It is now regarded as a distinct species and is here desig¬ 
nated as D. ceylonicum sp. nov. 

Diplodinium diacanthum Dogiel 1927 
Plate 26, figure 10; figure C, 3-4 

Diagnosis. —Morphologically similar to D. monacanthum in all respects ex¬ 
cept spination; two caudal spines present—a ventral one of the same size and 
position as the spine of D. monacanthum, and a second, smaller spine (on the 
right latero-ventral portion of the posterior end in 60 per cent, and on the 
dorsal side in 40 per cent of the specimens found in B. gaurus). Length, 50- 
83/a; length of 10 specimens from B. gaurus, 59(50-70)/a. 

Description .—The relatively short and stout body of D. diacanthum is 1.40 
(1.26-1.49) dorso-ventral diameters in length and is laterally compressed to 
0.83(0.77-0.89) of the dorso-ventral diameter. It appears somewhat trun¬ 
cated anteriorly when viewed from the lateral aspect. The greatest dorso- 
ventral diameter of the ovoid portion of the body occurs midway between the 
anterior and the posterior ends. Both dorsal and ventral surfaces of the body 
are convex, but the dorsal convexity is the greater. The dorsal surface main¬ 
tains its characteristic convexity throughout its entire lengtii. The ventral 
surface is most convex in its middle third, while the anterior and posterior 
thirds often show slight concavities. Both surfaces taper posteriorly to give 
the characteristic appearance of members of the D. anacanthum group. In 
dorsal view the greatest transdiameter is observed to lie slightly posterior to 
the level of the micronucleus. Anteriorly, the slightly convex lateral surfaces 
merge into the shallow, regular operculum, while on the posterior end they 
taper gradually toward the anus. 

A distinct, longitudinal, cuticular groove extends along the right latero- 
dorsal margin of the body from the dorsal membranelle zone to the posterior 
end, as in D. monacanthum. 

An oral region of moderate size, 0.43 (0.37-0.47) of the dorso-ventral diame¬ 
ter in diameter, occupies the anterior ventro-lateral portion of the body. It 
deviates ventrally at an angle of about 25° and to the left at an angle of about 
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20^ from the main body axis. On the right side the outer adoral lip is con¬ 
tinuous with the shallow operculum, which projects only slightly anteriorly 
to the level of the mouth, and which separates adoral from dorsal membranelle 
zones. The dorsal row of locomotor membranelles is tilted slightly to the left 
of the main axis. 

There are two short spines on the caudal extremity of D. diacanthum, a 
feature distinguishing it from other species in the anacanihum series. One 
spine is ventral in position, similar in size and shape to the corresponding 
spine in D. monacanthum, and is 0.31(0.26-0.38) of the dorso-ventral diame¬ 
ter in length. The extremity of this spine is curved dorsally in the mid-line of 
the body. The second spine is only half as long as the ventral one, and is situ¬ 
ated either latero-ventrally on the right surface or directly opposite the ven¬ 
tral spine on the dorsal surface. 

The stout, hatchet-shaped macronucleus, 0.71(0.64-0.85) of the dorso-ven¬ 
tral diameter in length, lies directly beneath the right surface of the middle 
part of the body, slightly dorsal to the lateral mid-line. Its forward end is 
curved ventrally at an angle of 45°, as in most species of the genus Diplo- 
dinium. It is morphologically similar to the macronucleus of Z>. minor with 
the exception that in this species the anterior surface is always smoothly 
rounded. A small, subspherical micronucleus is situated in a slight concavity 
on the left antero-dorsal surface of the macronucleus. 

Two contractile vacuoles lie along the dorsal mid-line, one at each extremity 
of the middle third of the body. They are often dorso-ventrally depressed. 
Typically, the posterior vacuole is much smaller than the anterior one, and 
often it is indistinguishable, though the pore may persist. A short excretory 
canal leads to the dorsal surface from each vacuole, opening through a 
small pore. 

A weakly defined oesophagus extends posteriorly and to the right from the 
oral region to terminate beneath the posterior end of the macronucleus. 

The endoplasmic sac is spacious, extending from the mouth to the pos¬ 
terior end of the body, and is separated from the outer surfaces of the body 
by a narrow layer of ectoplasm. The well defined boundary layer marking the 
limits of the endoplasm forms two dorsal concavities which contain the con¬ 
tractile vacuoles, and forms a larger lateral concavity on the right surface in 
which the macronucleus lies. The ectoplasm is thickest in the operculum and 
in the regions ventral to the origin of the oesophagus and the rectum. 

A somewhat poorly differentiated rectum arises from the posterior termina¬ 
tion of the boundary layer and is a short, dorso-ventrally flattened tube ex¬ 
tending postero-dorsally at an angle of 30°. It terminates in a slit anus, which 
lies just dorsal to the base of the ventral spine. 

Food, —Ingests pieces of plant debris. 

Variations, —This species shows no great variability in general morpho¬ 
logical characteristics. The arrangement of spines, however, is subject to varia¬ 
tion. While the larger ventral spine is constant in position, the smaller second 
spine may be situated in two locations. In 60 per cent of the specimens ob¬ 
served from B. gaurus it is found in close proximity to the ventral spine on 
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the right surface, or latero-ventrally. In the other 40 per cent of individuals 
this second spine lies directly opposite the ventral one, or dorsally. One sped* 
men, in which the second spine was dorsal, possessed a bifurcated venixal 
spine. 



Fig. C. 1 and 2, Diplodinkm monaocmthwn Dogiel 1927; 3 and 4, D, diacanihwn 
Dogiel 1927; 5 and 6, D. triacanthvm Bogiel 1927; 7 and 8 , D, tetraoanihwm Dogiel 
1927; 9 and 10, D, pentaoanlhvm Dogiel 1927; 11 and 12, D. anisaeanthvm Onnha 
1914. 1, right lateral view; d, dorsal view, x 600. 

In specimens of D. diacanthum from domestic cattle from the n.S.S.B. 
Dogiel (1927) observed that the second spine was dorsAh, as in only 40 per 
cent of the specimens from B. gaurus. In only one specimen did Dogiel note 
another position for the second spine, this being latero^dorsal on the right 
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side. This is sharply contrasted to the latero-ventral position on the right 
side of this second spine in 60 per cent of the specimens from B. gaurus. 

Measurements. —^Based on 10 specimens from B. gaurus: length, 59(50- 
70)/tt; transdiameter, 35 (33-42) ft; dorso-ventral diameter, 42 (3S-48)ft; length 
of macronucleus, 30(27-41)ft; dorso-ventral diameter of mouth, 18(15-21)ft; 
length of ventral spine, 13(10-16)ft. 

Dogiel (1927) gives the following measurements for specimens taken from 
cattle from the U.S.S.R.; length, 75(70-83)fi; dorso-ventral diameter, 52(47- 
60)ft; relation of length to dorso-ventral diameter, 1.45. 

Occurrence. —Found in domestic cattle from the U.S.S.R. by Dogiel (1927) 
and in small numbers in B. gaurus. 

Relationships. — D. diacanthum is the third member of the D. anacanthum 
series, showing an additional caudal spine over the one-spined condition of 
D. monacanthum. 


Diplodinium triacanthnm Dogiel 1927 
Plate 26, figure 11; figure C, 5-6 

Diagnosis, —^Morphologically similar to 2>. diacanthum in all respects ex¬ 
cept spination; three caudal spines present—one ventral, one dorsal, and one 
on the right latero-ventral side. Length, 64-85/i; length of specimen from B, 
gaurus, 64/a. 

Description, —The morphological features of D, triacanthum, with the ex¬ 
ception of spination, correspond closely to those given above for D. dia- 
canthum. 

This species shows an additional caudal spine over the two-spined condi¬ 
tion in D. diacanthum. There is a relatively large ventral spine, 0.39 of the 
dorso-ventral diameter in length, corresponding to the single spine in D. 
monacanthum, A second, smaller spine is on the latero-ventral edge of the 
right side and corresponds to the second spine in 60 per cent of the speci¬ 
mens of D. diacanthum from B, gaurus. Finally, a third, small spine lies on 
the dorsal edge, opposite the ventral spine, and corresponds to the second 
spine in 40 per cent of the specimens of D, diacanthum from B, gaurus, 

Yariations. —Dogiel (1927) reported variability in the position of the 
spines in D, triacanthum taken from domestic cattle from the U.S.S.R. In 80 
per cent of these specimens the spination corresponds exactly to that noted 
above in the individual from B, gaurus. The remaining 20 per cent, however, 
possessed ventral and dorsal spines as in the others, but the third spine was 
on the right latero-dorsal border of the posterior end. 

Measurements, —^Based on 1 specimen found in B, gaurus: length, 64/a; 
transdiameter, sIS/a; dorso-ventral diameter, 46/a; length of macronucleus, 
34/a; dorso-ventral diameter of mouth, 18/a; length of ventral spine, 18/a. 

Dogiel (1927) gives the following measurements for D. triacanthum from 
domestic cattle from the U.S.S.R.: length, 77 (70-85)/a; dorso-ventral diame¬ 
ter, 55(51-63) /a; relation of length to dorso-ventral diameter, 1.4. 

Occurrence, —^Found in domestic cattle from the U.S.S.R. by Dogiel (1927), 
but only a single specimen was found in B, gaurus. 
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Belationships. — D. triaeanthum is the fourth member of the D. anaocm- 
thum series, showing an advance over the two-spined condition of D. dkt- 
canthum in the possession of three caudal spines. 

Diplodininm tetracanthum Dogiel 1927 

Plate 26, figure 12; figure C, 7-8 

Diagnosis. —^Morphologically similar to D. diacanthum in all respects ex¬ 
cept spination; four caudal spines present—one ventral, one dorsal, and two 
on the right side. Length, 53-83/t; length of 2 specimens from B. gaurus, 55 
(53-56)/*. 

Description. —Food habits and morphological features of D. tetracanthum, 
with the exception of spination, are similar to those given above for D. dia¬ 
canthum. 

D. tetracanthum is characterized by the possession of four spines on the 
posterior end. There is a large ventral spine, 0.35 of the dorso-ventral diame¬ 
ter in length, and similar to the single spine in D. monacanthum. A second 
spine is smaller and dorsal in position, as in 40 per cent of the specimens of 
D. diacanthum from B. gaurus. The third spine is on the latero-ventral part of 
the right side, as in 60 per cent of the specimens of D. diacanthum and in D. 
triaeanthum from B. gaurus. The fourth spine is added on the latero-dorsal 
edge of the right side, distinguishing this species from the preceding four 
species of the D. anacanthum series. 

Variations. —The typical spination in D. tetracanthum described above is 
subject to variation. Thus, in one specimen from B. gaurus there was no 
dorsal spine. Instead, a spine occurred on the latero-dorsal edge of the left 
side. The remaining three spines were in typical locations. 

Dogiel (1927), in specimens taken from domestic cattle from the U.S.S.B., 
noted two exceptions to the usual arrangement of spines. In one the spines 
were ventral, dorsal, latero-ventral on the right side, and latero-ventral on 
the left side. In the other they were ventral, dorsal, latero-dorsal on the right 
side, and latero-dorsal on the left side. 

Measurements. —Based on 2 specimens found in B. gaurus: length, 55(53- 
56)/*; transdiameter,33 (32-33)^; dorso-ventral diameter,40(38-41)/*; length 
of macronucleus, 28(26-29)/*; dorso-ventral diameter of mouth, 18(17-18)/*; 
length of ventral spine, 14(12-15)/*. 

Dogiel (1927) gives the following measurements for specimens of this 
species taken from domestic cattle from the U.S.S.R.; length, 76(72-83)/*; 
dorso-ventral diameter, 54(52-61)/*; relation of length to dorso-ventral di¬ 
ameter, 1.4. 

Occurrence. —^Reported by Dogiel (1927) from domestic cattle from the 
U.S.S.B. Two specimens were found in B. gaurus. 

Belationshipsi — D. tetracanthum is the fifth member of the D. anacanthum 
series, showing an advance over the three-spined condition inV'^- triaeanthum 
by having four spines. 
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Diplodinitun pentacanthnm Dogiel 1927 
Plate 26, figure 13; figure 0, 9-10 

Diagnosis, —^Morphologically similar to D, diacanthum in all respects ex¬ 
cept spination; five caudal spines present—one ventral, one dorsal, two on 
the right side, and one on the left rfde. Length, 50-84/i.; length of 2 specimens 
from B, gaums, 52(50-54) fi. 

Description. — D, pentacanthum differs from D. diacanthum, described 
above, in spination only. 

There are five caudal spines in members of this species. The ventral spine 
is largest, 0.30 of the dorso-ventral diameter in length, and is similar to the 
single spine in D. monacanthum. The remaining spines are shorter. Of these, 
one is dorsal, two are on the right side, and the last occupies the median part 
of the left side. Thus, the spination in 2>. pentacanthum represents that in 
D. tetracanthum with an additional spine added on the left side. 

Variations, —The arrangement of spines in the two specimens from B. 
gaums showed no variation. Dogiel (1927), however, found that the spina¬ 
tion varied in specimens from domestic cattle from the U.S.S.R. Typically, 
his examples possessed the arrangement of spines described above for the 
ciliates from the gaur, except that the fifth spine was on the latero-ventral 
part of the left side instead of median. Two exceptions to this usual arrange¬ 
ment were observed. In one, the single lateral spine was on the latero-ventral 
portion of the right side. In the other, the single lateral spine was latero- 
dorsal on the left side. 

Measurements. —^Based on 2 specimens found in B, gaums: length, 52(50- 
54)ft; transdiameter,33(32-34)ft; dorso-ventral diameter,40(38-41)ft; length 
of macronucleus, 32(29-34)ft; dorso-ventral diameter of mouth, 15(14-16)ft; 
length of ventral spine, 12 (11-13) ft. 

Dogiel (1927) gives the following measurements for specimens found in 
domestic cattle from the U.S.S.R.: length, 77(67-84)ft; dorso-ventral diam¬ 
eter, 55 (51-60)ft; relation of length to dorso-ventral diameter, 1.4. 

Occurrence .—Found in domestic cattle from the U.S.S.R. by Dogiel (1927). 
Two specimens were found in B. gaums, 

Belaiionships, — D. pentacanthum is the sixth member of the D.anacanthum 
series, showing a progressive advance over the four-spined D. tetracanthum 
in the possession of five caudal spines. 

Diplodinium anisacanthum Chinha 1914 
* Plate 26, figure 14; figure C, 11-12 

Diagnosis .—Morphologically similar to D, diacanthum in all respects ex¬ 
cept spination; six caudal spines present—one ventral, one dorsal, and two on 
each side. Length, 46-86ft; length of 10 specimens from B, gaurus, 56 (46-67) ft. 

Description ,—The morphological features already given for D. diacanthum 
correspond in all details except spination to those of D, anisacanthum. 

There are six caudal spines in this species. The ventral spine is largest, 0.32 
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(0.23-0.36) of the dorso-ventral diameter in length, as in all other species of 
tile 2). anacanthum group having caudal armature. The remaining five spines 
are shorter and subequal in length. All spines exhibit incurving at their ex¬ 
tremities. This species represents the spination of D. pentacanihum vnth a 
sixth spine added in the unoccupied space on the lateral surface. All avail¬ 
able situations for caudal spines are occupied in D. anisacmthum, and no 
seven-spined forms have been observed in this genus. 

Variations. —Individuals from B. ganirus were uniform, but Dogiel (1927) 
reported that in D. anisacanthum in some specimens from domestic cattle 
from the U.S.S.B. and Turkestan the two spines on the left surface had de¬ 
generated to mere cuticular humps. 

Measurements. —^Based on 10 specimens from B. gaurus: length, 56(46- 
67)/*; transdiameter, 33 (28-37)/*; dorso-ventral diameter,41 (38-47)/*; leng^ 
of macronucleus, 31(25-40)/*; dorso-ventral diameter of mouth, 16(14-18)/*; 
length of ventral spine, 13(12-15)/*. 

Dogiel (1927) reports the following measurements for D. anisacanthum 
from domestic cattle: length, 82(77-86)/*; dorso-ventral diameter, 52(53- 
61)/*; relation of length to dorso-ventral diameter, 1.5. 

Occurrence. —^Reported in domestic cattle from Brazil by Gunha (1914) 
and from the U.S.S.R. and Turkestan by Dogiel (1927). It occurs in very 
limited numbers in B. gaurus. 

Relationships. — D. anisacanthum is the seventh and last member of the 
D. anacanthum series of species. 

Eodinium bilobosum (Dogiel 1927) 

Plate 25, figure 7; figure B, 1-2 

Diagnosis. —^Dorsal zone of small size, at same transverse level of body as 
adoral zone; body relatively stout (1.22-1.50 dorso-ventral diameters in 
length) and laterally compressed (0.77-0.92 of the dorso-ventral diameter 
in transdiameter); dorsal surface slightly convex, ventral surface somewhat 
fiattened; two caudal lobes present—one dorsal and one ventral, lying in the 
same dorso-ventral plane; oesophagus a long, curved structure marked by 
conspicuous transverse membranelles, giving a ladder-like appearance to it. 
Length, 33-60/*; length of 10 specimens from B. gaurus, 39 (33-43)/*. 

Description. —^The relatively short body of E. bUoiosum (1.22-1.50 dorso- 
ventral diameters in length) is somewhat subrectangular in lateral view, and 
from the dorsal aspect the body is seen to be laterally compressed (0.77-0.92 
of the dorso-ventral diameter in transdiameter). The oral area (0.37-0.52 
of the dorso-ventral diameter in diameter) is tUted ventrally at an angle of 
15'’-20® and to the left at an angle of about 25° from tiie longitudinid axis 
of the body. A small, inconspicuous operculum separates the adoral mem- 
branelle zone from the dorsal zone, both of which lie on the same transverse 
level of the body. Since the dorsal zone lies parallel with the transdiameter 
of the mouth it is sharply tilted to the left from the main4>ody axis at an 
angle of 20°-25°. In lateral outline the dorsal surface of the body appears 
only slightly convex, while the ventral surface is almost plane. Postmorly, 
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both surfaces become strongly convex and terminate respectively in rounded 
dorsal and ventral lobes. Both lateral surfaces are moderately convex, and 
together with the small, rounded operculxun contribute to tiie ovoidal ap¬ 
pearance of the animal in dorsal view. The lateral surfaces gradually taper 
posteriorly toward the caudal lobes. Two conspicuous lobes, of great diag¬ 
nostic importance, are on the posterior end. The dorsal lobe is slightly over 
half as long as the ventral one (0.17 as compared to 0.31 of the dorso-ventral 
diameter in length) and varies in appearance from a small, straight hump 
to a relatively large, ventrally curved lobe. Always larger, the ventral lobe is 
dorsally curved toward its posterior end, and slightly hollowed out on its 
left dorsal surface. The two lobes are separated by a deep concavity, and lie 
in the same dorso-ventral median plane. 

A rod-like macronucleus (0.80-1.07 of the dorso-ventral diameter in length) 
lies along the dorsal mid-line, and possesses nearly the same diameter through¬ 
out its length. It is smoothly rounded on the extremities and the ventral sur¬ 
face is straight or very slightly concave. There are two slight concavities on 
its dorsal surface, one in the middle and one on the left anterior surface. A 
small ellipsoidal micronucleus lies in the middle dorsal concavity of the 
macronucleus, while the anterior contractile vacuole occupies the anterior one. 

Two small, subequal contractile vacuoles lie within the ectoplasm, one close 
against the left antero-dorsal surface of the macronucleus and the other at 
the extreme posterior end of the same organelle. Each vacuole has a small ex¬ 
cretory canal leading to the dorsal surface where it opens through an ex¬ 
cretory pore. 

The mouth opens into a long oesophagus, which slopes dorsally at an angle 
of 15° and laterally to the right at an angle of about 25°, terminating at the 
middle part of the body against the right surface. This organelle is a char¬ 
acteristic structure. It appears ladder-like because of numerous transverse 
oesophageal membranelles, forming a zone which extends from the adoral 
region to the end of the oesophagus. 

An inconspicuous boundary layer weakly separates ectoplasm from endo¬ 
plasm. It lies close to the lateral and ventral walls of the body, but dorsally 
it underlies the macronucleus. On the posterior end it leaves the outer part 
of the body and continues toward the origin of the rectum. Consequently, the 
ectoplasmic layer is very thick in the region of the caudal lobes. 

A simple, undifferentiated, slightly dorso-ventraUy depressed rectum 
arises at the termination of the boundary layer. The rectum is short and 
opens to the exterior through an inconspicuous anus, which lies at the base of 
the dorsal surface of the ventral lobe. 

Food .—Feeds on bacteria and small flagellates. 

Variations .—Only the caudal lobes of this species show variability. Their 
size varies independently with that of the body, but both retain about the same 
relationship to each other. The dorsal lobe intergrades from a small, straight 
hmnp to a larger, ventrally curved fleshy lobe. The ventral lobe, on the con¬ 
trary, is always conspicuous. It curves dorsally toward its extremity, and 
shows variation in the relative sharpness of the tip. Typically, the end of the 
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ventral lobe is rounded and fleshy, but intergradations from this condition 
to that in which a rather sharp, spine-like contour is assumed, also occur. 
Similar variations were noted for this species by Dogiel (1927) for speci¬ 
mens taken from cattle and sheep from the U.S.S.B., Turkestan, and Siberia. 



Fig. D. 1 and 2, MetadMvm rotundatum gp. nov.; 8 and 4, Spidinium eaudatmn 
(Fiorentiai 1889) ; 5 and 6 , F. gvadrioaudatum (Sharp 1914); 7 and 8, E. porvioau- 
datum (Awerinaew and Mntafowa 1914). I, right lateral view; d, dorsal riew. x 600. 


Measurements .—^Based on 10 specimens from B. gaurus: length, 89(33- 
43)/t; transdiameter,24(20-27)/x; dorso-ventral diameter,29 (25-32)/t; length 
of macronucleus, 27(24r-31)fi; dorso-ventral diameter of mouth, 18(ll-14)f»; 
length of dorsal lobe, 5(3-8)jiy length of ventral lobe, 9(7-12)/*. 

Dogiel (1927) gives the following measurements for specimens of E. hUo- 
bosum iram eattie and sheep from the U.S.S.B., Turkestan, and Siberia: 
length, 52(46-60)/*; dorso-ventral diameter, 86 (30-44)/*; relation of length to 
dorso-ventral diameter, 1.4. 
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Occurrence. —Found in cattle and sheep from the U.S.S.B., Turkestan, and 
Siberia by Dogiel (1927) and in moderate numbers in B. gaurus. 

Relationships. — E. bUobosum is closely related to E. posterovesiculatum 
and to E. lobatum through the position of the posterior contractile vacuole im¬ 
mediately behind the posterior end of the macronucleus. These three species 
constitute the posterovesicvlatum group. 

Epidinium caudatum (Fiorentini 1889) 

Plate 27, figure 15; figure D, 3-4 

Diagnosis, —See Kofoid and MacLennan (1933, p. 5). 

Variations. — E. caudatum shows considerable variation in body length 
(2.00-2.95 dorso-ventral diameters in length), in the length of the macro- 
nucleus (1.05-1.55 dorso-ventral diameters in length), and in the length of 
the ventral caudal spine (0.37-0.72 of the dorso-ventral diameters in length). 

Comparison with same species from B. indicus.—Specimens of E. caudatum 
from B. gaurus are smaller, 94 (80-118 )/a, than the corresponding specimens 
from B. indicus, 107 (85-140)/i (Kofoid and MacLennan, 1933). A compari¬ 
son of the tables of measurements for members of this species in the two hosts 
demonstrates very close similarities in all body proportions. 

Measurements. —Based on 10 specimens from B. gaurus: length, 94(80- 
118)fi; transdiameter, 37(30-45)fi; dorso-ventral diameter, 40(35-45)/*; 
length of macronucleus, 48(40-62)/*; dorso-ventral diameter of mouth, 18 
(17-20)/*; length of spine, 21(13-26)/*. 

Occurrence. —The wide geographical distribution and range of hosts were 
given by Kofoid and MacLennan (1933). It occurs also in moderate numbers 
in B. gaurus. 

Epidinium quadricaudatum (Sharp 1914) 

Plate 27, figure 16; figure D, 5-6 

Diagnosis. —See Kofoid and MacLennan (1933, p. 10). 

Comparison with specimens from B. indicus.—The single specimen of E. 
quadricaudatum from B. gaurus is significantly smaller, 88fi or 2.05 dorso- 
ventral diameters in length, than specimens from B. indicus, 116(110-119)jii 
or 2.29(2.27-2.32) dorso-ventral diameters in length (Kofoid and MacLen¬ 
nan, 1933). In body proportions and relative size of spines they are similar. 

Medsurements. —Based on 1 specimen found in B. gaurus: length, 88/i; 
transdiameter, 41jii; dorso-ventral diameter, 43/i; length of macronucleus, 42/[^ 
dorso-ventral diameter of mouth, 20^; length of ventral spine, 23#t. 

Occurrence. —The limited distribution of E. quadricaudatum was given by 
Kofoid and MacLei^nan (1933). Only one specimen was found in B. gaurus. 

Epidinium parvicsudatnm (Awerinzew and Mutafowa 1914) 

Plate 27, figure 17; figure D, 7-8 

Diagnosis. —Identical with E. caudatum in all morphological features ex¬ 
cept spination; five caudal spines present—one large and ventral, one dorsal, 
one on the left side, and two on the right side. Length, 70-160/1; length of 8 
specimens from B. gaurus, 92(70-120)/i. 
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Description. —The body of E. parvieaudatum is long, 2.14 (1.84r-2.35) dorso- 
ventral diameters in length, relatively slender, and tapered posteriorly. It is 
almost circular in cross-section, being compressed laterally to only 0.95 (0.88- 
1.03) of the dorso-ventral diameter. Ventral and left surfaces are nearly plane 
or only slightly convex, and the ventral side is often concave in its anterior or 
middle third. The right and dorsal surfaces show greater convexity, espe¬ 
cially in the mid-region of the body. The dorsal surface becomes nearly plane 
in the posterior third of the body, where it gives origin to the dorsal spine. 

A moderately sized oral apparatus, 0.44(0.43-0.47) of the dorso-ventral 
diameter in diameter, is tilted ventrally and laterally to the left at angles of 
30°-40° from the main axis. The operculum is wide, smoothly rounded, and 
separates adoral from dorsal membranelle zones. The dorsal zone is set back on 
the dorsal surface about one-fifth of the body length from the anterior end, 
and encircles nearly one-third of the body. 

Five caudal spines distinguish E. parvieaudatum from other members of 
the E. eoaudatum group. There is a large ventral spine, 0.67 (0.47-0.92) of 
the dorso-ventral diameter in length, with its extremity curved dorsally, cor¬ 
responding to the single spine in E. caudatum. The second spine is dorsal in 
position, as is the second spine in E. hicaudatum. Two spines are present on 
the right surface, as in F. quadricaudatum, and an additional or fifth spine is 
present on the left side. The last four spines are only about half as long as the 
ventral spine, are subequal in length, and are all incurved at their extremities. 

There are fine longitudinal striations over the cuticle. Three plates com¬ 
prise the skeletal complex. They lie underneath the right surface of the body, 
and extend from the edge of the oral region posteriorly to the beginning of 
the last fourth of the body. The ventral and median plates lie in close prox¬ 
imity throughout their lengths. Dorsal and median plates, however, part in 
their anterior thirds but come together again at their anterior ends, leaving 
a double concave window of ectoplasm between. The plates follow the slight 
dextral spiral of the body, so that the anterior end of the ventral plate projects 
beneath the antero-ventral side of the body. 

An elongated, rod-like macronucleus, 1.14(0.84-1.37) dorso-ventral diame¬ 
ters in length, lies next to the right dorsal surface, adjacent to the dorsal edge 
of the skeletal complex. The small ellipsoidal micronucleus is found in a slight 
concavity in the mid-dorsal edge of the macronucleus. 

Two contractile vacuoles, each with a conspicuous duct and pore, are on 
the dorsal surface, to the left of the macronucleus. 

The oesophagus, marked weakly by fine fibrils, extends posteriorly and to 
the right from the oral region. From its point of origin near the beginning 
of the oesophagus the well-defined boundary layer of the endoplasm flares 
outward toward the body surfaces, but leaves a thin layer of ectoplasm as it 
extends to the posterior end. Its regularity is disturbed only where it forms 
concavities containing the vacuoles and the macronucleus. At the posterior 
end the boundary layer gives rise to a narrow, slightly doitw-ventrally de¬ 
pressed rectum, which extends postero-dorsally at an angle of about 30°. The 
anus lies at the base of the dorsal side of the ventral spine. 
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Food. —Consists of bacteria and small flagellates. 

Variations. —Shows considerable variation in the length of the macro- 
nucleus (0.84-1.37 dorso-ventral diameters in length) and in the length of 
the large ventral spine (0.47-0.92 of the dorso-ventral diameter in length). 

Measurements. —^Based on 8 specimens found in B. gaurus: length, 92(70- 
120)(i; transdiameter, 41(37-47)/*; dorso-ventral diameter, 43(38-51)/*; 
length of macronucleus, 49(32-70)/*; dorso-ventral diameter of mouth, 19 
(15-22)/*; length of ventral spine, 29(22-36)/*. 

Occurrence. —In addition to the localities given by Kofoid and MacLennan 
(1933) this species occurs in limited numbers in B. gaurus. 

Relationships. — E. parvicaudatum is the sixth and last member of the E. 
ecaudatum group, showing the greatest complexity in the caudal spination 
of all members of the series. 

Eremoplastron rostratum (Fiorentini 1889) 

Plate 28, figure 19; figure E, 1-12 

Diagnosis. —See Kofoid and MacLennan (1932, p. 91). 

Variations. —The caudal spine of E. rostratum shows variation in length 
and curvature (fig. E, 3-12). It is 0.44(0.31-0.58) of the dorso-ventral diame¬ 
ter in length, and this variability is entirely independent of variability in 
length of the body. All intergradations are found from specimens having the 
spine directed nearly straight posteriorly to those in which it is curved dor- 
sally to lie close to the posterior surface of the body. Dogiel (1927) noted a 
similar condition in specimens from cattle from the U.S.S.R. 

The vertical depth of the postero-dorsal ectoplasmic flange also exhibits a 
significant variability, 0.07-0.18 of the dorso-ventral diameter in depth, and 
ranges from a very small, inconspicuous elevation to a relatively large flange 
(fig. E, 3-12). 

Comparison with same species from B. indicus.—Specimens of E. rostratum 
from B. gaurus differ from those from B. mdicus in length of body, both ab¬ 
solute and relative, and in relative length of the caudal spine. E. rostratum 
taken from the gaur is 39(34-48)/* or 1.44(1.30-1.77) dorso-ventral diameters 
in length, and the caudal spine is 0.44(0.31-0.58) of the dorso-ventral diame¬ 
ter in length. Individuals from the Indian ox are 45(40-52)/* or 1.80(1.58- 
2.00) dorso-ventral diameters in length and the caudal spine is 0.60(0.46- 
0.96) of the dorso-ventral diameter in length (Kofoid and MacLennan, 1932). 
The most significant difference is that the specimens from the gaur are 
relatively shorter a:^d stouter than the corresponding specimens from the 
Indian ox. 

Measurements. —^Based on 10 specimens from B. gaurus: length, 39(34- 
48)/*; transdiameter, 24 (22-27)/*; dorso-ventral diameter,27 (24-29)/*; length 
of macronucleus, 21(17-30)/*; dorso-ventral diameter of mouth, 11(10-13)/*; 
length of caudal spine, 12(9-15)/*; length of postero-dorsal flange, 4(2-5)/*. 

Occurrence. —In addition to the localities and hosts given by Kofoid and 
MacLennan (1932) this species occurs in small numbers in B. gaurus. 



368 


University of California Publications in Zoology 



Fig. E. 1 and 2, Eremoplasiron rostratum (Fiorentini 1889); 3-12, E.ros- 
tratum showing variability in body length, and in length and curvature of 
caudal spine. I, right lateral view; d, dorsal view, x 600. 


Eudiplodininm maggii (Fiorentini 1889) 

Plate 28, figure 20; figure F, 1-2 

Diagnosis. —See Kofoid and MacLennan (1932, p. 105). 

Variations. — E. maggii from B. gaums does not vary significantly. This 
contrasts sharply with the variability in the cuticular groove and the skeletal 
plate in the same species from B. indieus (Kofoid and MacLeiman, 1932). 

Comparison with same species from B. indieus.— E. maggii from B. gaums 
is significantly smaller, 102(80-117)/a or 1.42(1.33-1.51) dorso-ventral di¬ 
ameters in length, than the same species from B. indieus, 140(104-198)/* or 
1.55(1.33-1.67) dorso-ventral diameters in length (Kofoid and MacLennan, 
1932). Thus, the specimens from the gaur are not only absolutely smaller, but 
are relatively stouter, than those from the Indian oz. ^nsequently, the 
roughly triangular appearance of E. maggii from lateral view is partly ob¬ 
scured in q)ecimens from B. gaums because of this relative shortening of the 



Fig. F. 1 and 2, Eudiplodiniwn maggii (Fiorentini 1889); 3 and 4, Metadtnium medium 
Awerinzew and Mutafowa 1914. 1, right lateral view; d, dorsal view, x 600. 


wider mouths, 0.42(0.35-0.45) as compared to 0.27 (0.20-0.33) of the dorso- 
ventral diameter, than the corresponding specimens from B. tndicits. 

Measurements .—^Based on 10 specimens from B. gaurus: length, 102(80- 
117)/»; transdiameter, 56(48-67)/»; dorso-ventral diameter, 72(58-86)/t; 
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length of macronucleus, 55(45-69)^; dorso-ventral diameter of mouth, 30 
(2e-34)fi. 

Occurrence. — E. maggii is another species of very wide geographical dis¬ 
tribution. Recently it has been found in sheep from China by Hsiung (1931); 
in B. indicus from Colombo, Ceylon, and Coonoor, India, by Kofoid and Mac- 
Lennan (1932); in cattle from Jugoslavia by Wertheim (1932); and in 
moderate numbers in B. gaums. 

Metadinium medium Awerinzew and Mutafowa 1914 

Plate 29, figure 25; figure F, 3-4 

Diagnosis, —See Kofoid and MacLennan (1932, p. 113). 

Yariaiions, —The typical body shape of M, medium varies considerably be¬ 
cause it is often greatly distorted by large plant fibers which have been in¬ 
gested. There are no other significant variations in morphological features 
in specimens from B, gaurus. 

Comparison with same species from B. indicus.—The specimens of M. me- 
dium from B, gaurus are significantly smaller, 180 (130-201 )/t, than the cor¬ 
responding specimens from B, indicus, 208 (180-224) ft (Kofoid and Mac¬ 
Lennan, 1932). The individuals from the gaur are further characterized by 
relatively wider mouth, 0.48 (0.41-0.57) of the dorso-ventral diameter as 
compared with 0.33(0.27-0.41) of the dorso-ventral diameter for the same 
structure in specimens from B, indicus* Other body proportions are strikingly 
similar in samples from these two hosts. 

Measurements, —Based on 10 specimens from B, gaurus: length, 180(130- 
201)ft,- transdiameter, 102(80-124)ft; dorso-ventral diameter, 116(88-143)fi; 
length of macronucleus, 119(80-141)ft; dorso-ventral diameter of mouth, 56 
(50-62)^. 

Occurrence, — M, medium also has a wide geographical distribution. It has 
been found recently in B, indicus from Colombo, Ceylon, and Coonoor, India, 
by Kofoid and MacLennan (1932) and occurs in limited numbers in B. gaurus, 

Metadinium rotundatum sp. nov. 

Plate 27, figure 18; figure D, 1-2 

Diagnosis. —^Body relatively short (1.43-1.55 dorso-ventral diameters in 
length), ovoid, and slightly laterally compressed; dorsal membraneUe zone 
at about same level as adoral zone; skeletal complex of two plates underneath 
right surface, fused together at posterior ends; macronucleus elongate, with 
two shallow concavities on the left margin, one on each side of a large lateral 
lobe; oesophageal fibrils prominent, extending to posterior end of endoplasm; 
two contractile vacuoles along dorsal surface, one in each concavity of left 
side of macronucleus; rectum conspicuous, with faint longitudinal fibrils. 
Length of 10 specimens from B. gaurus, 65(52-73)ft. 

Description. — M. rotundatum is the smallest member of this genus yet de¬ 
scribed. The body is relatively short, 1.48(1.43-1.55) dorso-ventral diameters 
in length, characteristically ovoid, and compressed laterally to 0.84(0.73- 
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0.97) of the dorso-ventral diameter. The dorsal surface is regularly convex 
throughout its entire length, while the ventral surface is most strongly convex 
in its posterior third. The right surface is a little more strongly convex than 
the left, which is often nearly plane in its middle third. All surfaces become 
strongly convex posteriorly where they terminate in an extremely smoothly 
rounded posterior end. Anteriorly, the right and left surfaces become strongly 
convex where they give rise to the shallow operculum, which is somewhat 
flattened on the left. Faint longitudinal striations cover the cuticle, which is 
relatively thick. 

A well defined mouth, 0.45(0.39-0.51) of the dorso-ventral diameter in di¬ 
ameter, with conspicuous lips and furrows, occupies the ventral half of the 
anterior surface. It is tilted ventrally at an angle of about 15° and laterally 
to the left at an angle of about 25° from the main axis. The right side of the 
lip is continuous with the shallow operculum, which scarcely projects beyond 
the level of the adoral zone. The operculum distinctly separates the adoral 
zone from the dorsal zone of membranelles. The latter lies across the dorsal 
part of the anterior surface, either directly transverse or very slightly tilted 
to the left of the main body axis. 

The skeletal complex of this species clearly relates it to M, tauricum (Dogiel 
and Fedorowa 1925), AT. ypsilon (Dogiel 1925), and M, magnum (Dogiel 
1925), all having two plates on the right side of the body which are fused 
posteriorly. In Af. rofundatum the two plates lie underneath the right sur¬ 
face and are separate in their anterior halves. They fuse at about the level of 
the micronucleus so as to continue as one, terminating near the posterior end 
of the macronucleus. The dorsal side of these plates extends parallel with the 
ventral edge of the macronucleus, while the ventral plate extends obliquely 
postero-dorsally from the ventral part of the anterior end. The posterior end 
of the fused portion of the skeleton is also oblique, the dorsal side being most 
posterior. A double concave window of ectoplasm is left between the two 
plates in their anterior halves. There are 5-7 rows of prisms in each plate in 
the unfused anterior part. 

The macronucleus is a characteristic feature of M. rofundatum, and might 
be compared to a reversed F with the top bar atrophied. It thus resembles the 
macronucleus of M. ypsilon, though the anterior lobe is not so well developed 
and is'smoothly rounded instead of being truncated. It is elongated, 0.86 
(0.75-0.93) of the dorso-ventral diameter in length, and possesses smoothly 
rounded ends. Ventral and right sides are plane or slightly concave. On the 
left edge, however, there is a relatively large, regular, lateral lobe, just pos¬ 
terior to the middle. There are two shallow lateral concavities on the same 
side, one between the large lobe and the anterior end, the other between the 
lobe and the posterior end. The anterior end is not greatly enlai-ged. The me¬ 
dian lobe is only slightly perceptible in lateral view, the macronucleus ap¬ 
pearing nearly rod-like. A small subspherical micronucleus lies in the ante¬ 
rior lateral concavity of the macronucleus, on its left margin. 

Two contractile vacuoles, each with a conspicuous duct and pore, lie to the 
left of the macronucleus along the dorsal mid-line. The anterior vacuole is 
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ii 8 aall 7 much larger than the posterior one, and is slightly anterior to the 
level of the micronucleus. The posterior vacuole lies in the posterior concavity 
of the left side of the macronucleus. 

A small, tubular oesophagus extends posteriorly to the right from the 
mouth. At the beginning of the second third of the body it widens and opens 
up on its left side, and extends to the posterior end of the endoplasm iinder- 
neath the right side. It is marked by deeply staining longitudinal fibrils, re* 
sembling the oesophagus of members of the genus Ostracodinium. 

The boundary layer of the endoplasm extends from near the origin of the 
oesophagus to the posterior end of the body, clinging quite closely to the body 
surfaces. It is forced away from the dorsal surface by the macronucleiu and 
vacuoles, which it underlies. The ectoplasm is thin in all parts except the re¬ 
gions ventral to the rectum, ventral to the oesophagus, and in the operculum. 
In the posterior end the endoplasmic sac narrows to give rise to the rectum. 

The rectum is a well defined, slightly dorso-ventrally depressed tube, ex¬ 
tending from the endoplasm postero-dorsally to the posterior end at an angle 
of about 25°. It is feebly marked by longitudinal fibrils. It terminates in an 
ellipsoidal anus which lies in the middle of the smoothly rounded posterior end. 

Food. —Consists of pieces of plant debris. 

Variations, — M. rotundatum is fairly constant in proportions, but varies 
considerably in actual body length. 

Measurements. —^Based on 10 specimens from B. gaurus: length, 65(52- 
73)/ii; transdiameter, 37 (34-45)^; dorso-ventral diameter, 44 (35-51)/(; length 
of macronucleus, 38 (30-45)fi; dorso-ventral diameter of mouth, 20 (17-23)/». 

Occurrence. — M. rotundatum occurs in moderate numbers in B. gaurus. 

Relationships. — M. rotundatum is most closely related to M. ypsilon (Dogiel 
1925). It is similar to this species in having a skeletal complex of two plates 
fused posteriorly, a macronucleus of general similar shape, a similar position 
for the contractile vacuoles and the micronucleus, and a relatively thick 
cuticle. However, M. rotundatum is significantly smaller, has skeletal plates 
which are concave in their median unfused portions instead of parallel, and 
has a macronucleus with a rounded anterior end instead of an anterior end 
perpendicular to its long axis. 

Ostracodinium mysorei sp. nov. 

Plate 28, figure 23; figure G, 5-6, 0-12 

Diagnosis. —Body short and relatively stout (1.16-1.60 dorso-ventral di¬ 
ameters in length); ventral and left surfaces slightly convex, right and dor¬ 
sal surfaces more strongly convex; broad skeletal plate underneath right sur¬ 
face, wider in anterior third; macronucleus a straight, rod-like structure 
along the dorsal mid-line, gradually widening in anterior third; two subequal 
contractile vacuoles on.left margin of macronucleus; one ventral caudal lobe 
of variablersize,'usually small; boundary layer forms posterior diverticulum 
dorsal to rectum. Length of 10 specimens from B. gaurus, 49 (42-53)/it. 

Description, —0. mysorei is small and relatively stout, 1.40(1.16-1.60) 
dorso-ventral diameters in length, and is strongly compressed laterally to 0.80 
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(0.72-0.93) of the dorso-ventral diameter. The ventral surface is almost plane 
or very slightly convex in its anterior two-thirds, but it becomes quite strongly 
convex in the posterior third where it merges into the ventral lobe. Likewise, 
the dorsal surface is more strongly convex in its posterior third, but tiie con¬ 
vexity of its anterior two-thirds is somewhat greater than that of the ventral 
surface. The relatively slight degree of convexity of these surfaces in their 
anterior two-thirds contributes to the somewhat rectangular appearance of 
the body in lateral view. In dorsal view the left side appears nearly plane, 
becoming moderately convex in the posterior third. The right surface is mod¬ 
erately convex, becoming strongly so in the anterior part where it is continu¬ 
ous with the prominent rounded operculum. Posteriorly, the right side be¬ 
comes almost plane as it approaches the apex of the caudal lobe. These right 
and left surfaces are nearly parallel throughout the main body region, while 
they slope to form a triangular apex posteriorly, and merge into the rounded 
operculum anteriorly. 

A moderately sized oral region, 0.40(0.31-0.44) of the dorso-ventral diame¬ 
ter in diameter, occupies the ventral part of the anterior face. The mouth is 
tilted ventrally and laterally to the left at angles of 20°-25° from the main 
axis. The outer adoral furrow is deep, but the lips are not well developed. The 
outer lip of the adoral zone on the right side extends continuously into the 
operculum, which is a prominent ectoplasmic protuberance extending slightly 
anteriorly from the level of the mouth. The dorsal membranelle zone lies at 
nearly the same transverse level as the adoral zone and is separated from it 
by the operculum. This zone encircles the antero-dorsal part of the body and 
is tilted only slightly to the left of the main body axis. 

This species possesses a single ventral caudal lobe, 0.08(0.05-0.16) of the 
dorso-ventral diameter in length. In some specimens this lobe is almost too 
small to justify the designation as such, but in others it assumes larger pro¬ 
portions. The posterior end of the body dorsal to the anus is smoothly rounded, 
while the region ventral to the anus is enlarged into the caudal lobe. The lobe 
is formed by gradual tapering of the lateral and ventral surfaces of the body, 
and in dorsal view it appears as a blunt apex of a triangle. 

A broad skeletal plate, consisting of about 20-30 longitudinal rows of polyg¬ 
onal prisms, lies underneath the right surface of the body. It extends from 
the level of the dorsal membranelle zone to near tlie posterior end of the macro¬ 
nucleus. Its dorsal visible edge is nearly straight and parallels the ventral 
edge of the macronucleus. Ventrally, however, the plate slopes obliquely in a 
curved plane antero-ventrally so as to project slightly underneath the antero- 
ventral edge of the body. The plate is therefore broadest in its anterior third. 

The macronucleus is a straight, rod-like structure, 0.86(0.75-1.00) of the 
dorso-ventral diameter in length, with smoothly rounded ends, lying along 
the dorsal mid-line of the body. It is slightly dorso-ventrally depressed and in 
dorsal view is seen to broaden gradually anteriorly. A slight concavity on the 
left dorsal edge of the middle of the macronucleus contains the small sub- 
spherical micronucleus. 

Two sttbequal contractile vacuoles are along the left edge of the macro- 
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nucleus, one slightly anterior and the other slightly posterior to the level of 
the micronucleus. One, three, and even four vacuoles have also been observed, 
but the larger numbers occur only in elongated specimens which are approach* 



Fig. G. 1 and 2, Ogtraoodinium graeile (Dogiel 1925); 3 and 4, 0. trivetieulatum Eofoid 
and Macliennan 1932; 5 and 5, 0, mysorei sp. nov.; 7 and 8, 0, gawri sp. nor.; 9-12, 0. 
mytorei, showing variation in the size of the ventral caudal lobe. Z, right lateral view; 
d, dorsal view, x 600. 

ing division. Each vacuole is connected to the dorsal surface of the body by a 
short duct and each opens through a small pore. 

The conspicuously fibrillated oesophagus extends as a narrow tube from the 
oral region posteriorly and to the right. At a point near thbdieginning of the 
second third of the body the fibrils suddenly spread out and attend along the 
right curvature of the body adjacent to the inner surface of the skeletal plate. 
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These fibrils terminate at the posterior end of the endoplasmic sac. The most 
dorsal of these fibrils extend underneath the macronucleus and end slightly 
to the left of the longitudinal mid-line. Thus, the oesophageal fibrils form a 
broad spoon beneath the skeletal plate. The tubular origin of the oesophagus 
forms the handle of the spoon and the concave part is directed inward and 
boimds the endoplasm. 

An irregular boundary layer enclosing the endoplasm originates near the 
anterior end of the oesophagus. From its origin it flares outward toward the 
body wall where it extends to the posterior end. This layer is forced away from 
the body surfaces on the dorsal side, since it underlies the macronucleus and 
contractile vacuoles. In the posterior end the boundary layer forms a con¬ 
spicuous diverticulum extending to the postero-dorsal surface of the body. 
Just dorsal to the anal region the boundary layer retreats from the posterior 
edge to give rise to the rectum. The ventral side of the layer extends irregu¬ 
larly along the ventral body surface directly to the origin of the rectum. 

The rectum is conspicuous but undifferentiated. It is a strongly dorso-ven- 
trally depressed tube extending from the endoplasm postero-dorsally to the 
posterior end at an angle of 30^-40°. It opens through a broad slit anus on 
the dorsal side of the base of the caudal lobe. 

Food ,—Small pieces of plant debris are found in the endoplasm. 

Variations. —0. mysorei shows variation in the size of the ventral lobe and 
in the number of contractile vacuoles (fig. G, 5-6, 9~12). The ventral lobe in¬ 
tergrades from a small, rudimentary, pre-anal enlargement to a relatively 
prominent lobe. One to four contractile vacuoles are present, depending on 
the stage in the life-cycle at which the observations are made. Two appears to 
represent the typical number at the close of redifferentiation following binary 
fission. 

Measicrements .—Based on 10 specimens from B. gaurus: length, 49(42- 
53)fi; transdiameter,28(26-30)/x; dorso-ventral diameter,35(32-40)/i; length 
of macronucleus, 30 (26-37 );i.; dorso-ventral diameter of mouth, 14 (11-16 )/i; 
length of lobe, 3(2-5)fi. 

Occurrence. — 0. mysorei occurs in moderate numbers in B. gaurus. 

Relationships .—This species is related to 0. gauri sp. nov. in all respects 
except caudal morphology, 0. mysorei has only a single ventral lobe instead 
of two, as in 0. gauri. 


Ostracodinium gauri sp. nov. 

Plate 28, figure 21; figure G, 7-8 

Diagnosis .—Morphologically identical with 0. mysorei in all respects ex¬ 
cept caudal armature; two caudal lobes of subequal size present—one ventral, 
the other dorsal. Length of 10 specimens from B. gaurus, 54 (44-70)/li. 

Description .—This species corresponds in all morphological features ex¬ 
cept caudal armature, and in size and proportions, to 0. mysorei described 
above. 

Two lobes are present on the posterior end of the body of 0. gauri. One 
is ventral, 0.13(0.08-0.18) of the dorso-ventral diameter in length, and is 
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formed by the continuation of the body convexities on its ventral surface, 
while dorsally it is slightly concave. The anal opening lies at the base of the 
dorsal surface of the ventral lobe. The second lobe is dorsal in position, is 
subequal with or slightly smaller than the ventral one, and shows no con¬ 
cavities or flattening. Both lobes are formed by gradual tapering of the sur¬ 
faces of the body and in dorsal view they appear as blunt apices of triangles. 

Variations. — 0. gauri shows considerable variation in body length, size of 
caudal lobes, and in number of contractile vacuoles. Of these, variahilily in 
body length and vacuole number are correlated with division stages of the 
animals. 

Measurements. —^Based on 10 specimens from B. gaurus: length, 54(44- 
70)/*; transdiameter,30(23-40)/ii; dorso-ventral diameter, 39 (33-50)length 
of macronucleus, 33(27-40)/*; dorso-ventral diameter of mouth, 14(12-17)/i; 
length of ventral lobe, 5(3-8)/*. 

Occurrence. — 0. gauri is found in moderate numbers in B. gaurus. 

Relationships. — 0. gauri is related to 0. mysorei in body size, body shape, 
shape of macronucleus, shape of skeletal plate, posterior diverticulum of endo¬ 
plasmic sac, and vacuole number. 0. gauri, however, has two caudal lobes, 
while 0. mysorei has only a small, ventral lobe. 

0. gauri is related to 0. dilobum Dogiel 1927 only in the possession of two 
caudal lobes. It differs from O. dilobum in being of smaller size, in having 
only two vacuoles instead of flve, and in possessing a posterior diverticulum 
in the endoplasmic sac. 

Ostracodiniom gracile (Dogiel 1925) 

Plate 28, figure 22; figure 0,1-2 

Diagnosis. —See Kofoid and MacLennan (1932, p. 127). 

Variations. — 0. gracile maintains a high degree of constancy in general 
morphological features. In division stages, however, elongation of the body 
is often accompanied by the appearance of a third vacuole between the 
original two. 

Comparison with same species from B. indicus.—Measurements demon¬ 
strate that specimens of 0. gracile from B. gaurus are smaller and relatively 
shorter than the individuals of the same species from B. indicus. Thus 0. 
gracile from the gaur is 75(60-85)/* or 1.70 (1.58-1.85) dorso-ventral diame¬ 
ters in length, while the corresponding specimens from the Indian ox are 
101(92-125)/* or 1.88(1.75-2.16) dorso-ventral diameters in length (Kofoid 
and MacLennan, 1932). As a consequence of this difference, 0. gracile from 
the gaur is relatively stout and partly loses the triangular appearance typical 
of the species. 

Measurements. —^Based on 10 specimens from B. gaurus: length, 75(60- 
85)/t; transdiameter,39(33-45^/*; dorso-ventral diameter,44(39-47)/*; length 
of macronucleug, 48(40-57)/*; dorso-ventral diameter of mouth, 19(17-22)/*. 

Occurrence. —In addition to the localities given by Kofoid'hnd MacLennan 
(1932) 0. gracile has been found by BLsiung (1931) in sheep from China, and 
it occurs in moderate numbers in B. gaurus. 
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Ostracodininm trivesiculatum Kofoid and MacLennan 1932 
Plate 28, figure 24; figure G, 3<-4 

Diagnosis, —See Kofoid and MacLennan (1932, p. 129). 

Variations. —Typically, 0. trivesiculatum is roughly triangular in lateral 
view, but deviations from this condition to one of relative bluntness of the 
posterior end occur. 

Comparison with same species from B. indicus.— 0. trivesiculatum from 
B, gaums is 82 (72-91 )/a or 1.78 (1.70-2.02) dorso-ventral diameters in length, 
while the same species from the Indian ox is 98 (78-100)/x or 1.94(1.67-2.34) 
dorso-ventral diameters in length (Kofoid and MacLennan, 1932). There¬ 
fore, the specimens from the two hosts differ absolutely and relatively, those 
from B. gawrus being shorter and relatively stouter. 

Measurements, —Based on 10 specimens from B, gaurus: length, 82(72- 
91)/i; transdiameter, 41 (36-43)/I; dorso-ventral diameter, 46 (40-50)/Lt; length 
of macronucleus, 56(50-60 )/a; dorso-ventral diameter of mouth, 20(17-22)fi. 

Occurrence. — 0. trivesiculatum was found in B. indicus from Coonoor, 
India, and Colombo, Ceylon, by Kofoid and MacLennan (1932) and in mod¬ 
erate numbers in B. gaurus, 

OTHER PROTOZOA IN BOS GAURUS 

Three species of holotrichous ciliates are identified in the material from Bos 
gaurus. Of these Dasytricha mminantium Schuberg 1888 is most abundant, 
Isotricha prostoma Stein 1859 is only moderately abundant, while I. intesti- 
nalis Stein 1858 is quite rare. I. intestinalis was not found in B. indicus by 
Kofoid and MacLennan (1933). 

Great numbers of very small fiagellates and a few amoebae are found in 
the material from B. gaurus. These are important as food for some of the 
Ophryoscolecidae. 

DISCUSSION 

The ciliates of the family Ophryoscolecidae, which inhabit the rumen and 
reticulum of the stomach of ruminants, exhibit diverse and numerous evolu¬ 
tionary tendencies. From a monophyletic origin, assumed because of the re¬ 
markable similarity in the basic structural plan of all the derived species, 
these Protozoa have developed into a large, diversified group consisting of 
17 genera and 168 species now known. They have developed a greater com¬ 
plexity in food taking and locomotor organelles, a diversity of nuclear pat¬ 
terns, an increase inithe number of contractile vacuoles, a progressive increase 
in the number of caudal projections and the complexity of the skeletal ap¬ 
paratus, and many have assumed relatively large body size. In sharp contrast 
to the usual degenerative evolution in parasitic animals, these ciliates have 
attained a high degree of structural complexity. Aside from the evolution of 
useful structures such as membranelles, contractile vacuoles, and skeletal 
system for storage of glycogen, these Protozoa also demonstrate progressive 
evolution of seemingly functionless structures such as caudal spines. This 
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orthogenetic tendency is shown, for example, in the Diplodinium anacanthum 
group, which has species showing a graded increase in the number of caudal 
spines up to six, and in the Epidinium ecaudatum group, in which tiie series 
terminates with the species having five spines. The Ophryoscolecidae there¬ 
fore exhibit many interesting problems in evolution. 

The pronounced evolutionary progress of this group suggests that during 
the evolution of the host the physiological properties of the ruminant stomach 
also evolved significantly, exerting effects on the morphology of the ciliates. 
On this assumption, the stomach fauna evolved in close relationship with the 
evolution of the host. This assumption, assuming further that there were 
ample opportunities for cross-infection of the hosts before wide dispersal, 
readily accounts for the wide distribution of certain species of ciliates, while 
others, presumably of more recent origin, are limited to definite hosts or geo¬ 
graphical areas. Such a view suggests the possibility of an afSrmative answer 
to Becker’s (1932) question concerning the extent to which the host specificity 
might be dependent upon physiological variability between species of hosts. 

In the present study significant quantitative differences have been found 
to exist between individuals of the same species of eiliate from Bos gaurus 
and B. indicus, the latter host having been thoroughly studied by Kofoid and 
MacLennan (1930,1932,1933). As Dogiel (1927) has suggested, differences 
between individuals of the same species occurring in different hosts or in 
different geographical areas are sufficient to justify their designation as 
“races.” These differences are explainable on the same basis as the evolution 
of the entire group, that is, by physiological peculiarities between the hosts. 
Whether these physiological differences between B. gaurus and B. indicus 
are individual, or truly specific, or ascribable to geographical isolation or to 
differences in kind and amount of host food, does not alter the fact that the 
differences do exist between the ciliates common to these two hosts. 

The factor of isolation of the two hosts cannot be overlooked as a possible 
explanation of the differences between the species of ciliates common to both. 
Though both B. gaurus and B. indicus occur in India, there has been pre¬ 
sumably no opportunity for cross-infection for a long period of time. B. 
gaurus is a wild species, never domesticated, restricting its activities to Indian 
jungles and wooded areas in the mountains. B. indicus, on the contrary, has 
been domesticated for centuries, and is essentially associated with civilization. 
It is possible that this seemingly complete isolation has functioned in the 
production of the quantitative differences between the species of ciliates com¬ 
mon to the two hosts. 

This study has also suggested the possible rdle of the food of the host as an 
immediate or slow cause of the quantitative differences between the ciliates. 
The gaur from which the specimens were obtained was taken just prior to the 
Indian monsoon, at a time when the jungle herbage was relatively very dry 
and scanty. It is conjectural to what degree this paucity of food of B. gaurus 
might have exerted an effect upon the reduction in size of t^e individual cili¬ 
ates taken from the stomach at this season. It is also possible that the per¬ 
manent diet of the jungle-dwelling gaur has been sufficiently different from 



Kofoid-Ch,ritienson: CUiates from Bos gaurus E. Smith 


379 


that of the domesticated Indian ox to have been a factor in the production of 
the differences in their stomach faunas. 

If these differences in the size of the ciliates from B. gaurus and B. indicus 
are only temporarily induced through differences in diet they are obviously 
not heritable. If the ciliates from the gaur could be caused to assume the same 
general size as those from the Indian ox merely by placing the wild host on 
the food menu of the domesticated one, the differences in the ciliate faunas 
would be proved nongenetic. In place of experimentation on the two hosts 
involved in this study the same problem can be solved in any domestic rumi¬ 
nant by testing the effects of kind and amount of food materials on the mean 
size of the ciliates of the stomach. This would detect any justification for 
designating these different size-groups as “races.” 

Should these size differences prove genetic by such experimentation, their 
explanation on the basis of natural selection is extremely doubtful since there 
is no obvious advantage to be gained in mere size differences. The size differ¬ 
ences of the ciliates are no more explicable on this basis than the phenomenon 
of orthogenesis, which is well shown in the development of spines in the 
Ophryoscolecidae. All sizes of ciliates, armed or unarmed, seem equally well 
preserved. 

SUMMAEY 

1. The material from one specimen of Bos gaurus from Mulehole, Mysore, 
India, contains twenty-five species of ciliates of the family Ophryoscolecidae, 
three species of holotrichous ciliates, and numerous flagellates and amoebae. 

2. Eleven species of the Ophryoscolecidae from B. gaurus are compared 
with the same species from B. indicus (Eofoid and MacLennan 1930, 1932, 
1933). The only differences observed between the ciliate faunas of these hosts 
are quantitative, the ciliates from the gaur being in general smaller and 
stouter than those from the Indian ox. It is suggested that these differences 
between the ciliate faunas of B. gaurus and B. indicus might be ascribable to 
physiological differences between hosts, to geographical isolation of hosts, or 
to differences in food habits of hosts. 

3. Nine species of the Ophryoscolecidae not occurring in B. indicus are 
completely redescribed from B. gaurus. 

4. Five new species of the Ophryoscolecidae are described from B. gaurus. 

5. The ciliates from the wild relict member of the ox tribe, B. gaurus, show 
no primitive characteristics, being as complex in their evolutionary tendencies 
as those from B. indicus or other domesticated ruminants. 
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PLATE 25 


Fig, 1. Enfodfnium acuionucleaium Kofoid and MaeLt^nnan 
1930. 

Fig. 2. Eiifodxmum indicvm Kofoid and MacLonnan 1930. 

Fig. 3. Entodinium longinuc^eaium Dogiel 1925. 

Fig. 4. Entodinium contractum sp. nov. 

Fig. 5. Enlodxni'uw airlvm sp. nov. 

Fig. Entodhi»um nanellum Dogiol 1922. 

Fig. 7, Eodinium hUohosvm (Dogiel 3927). 

Fig. 8. Diplod in IV m viinor Dogiel 1925. 
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PLATE 26 


Fig. 9. DiplofUninm monaeanlhnrn Dogiel 1927. 
Fig. 10. Diplodinium (liacanthum l>ogi(0 1927. 
Fig. Diplodinium Iriacunihum Oogifl 1927. 
Fig. 12. Diplodinium t cl mean th urn DogioJ 1927. 

Diplodinium pcvlacanlhum Ilogii‘1 1927. 
Fig. 14. Diplodinium anisacan fhnm Cniiha 1914. 
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PLATE 27 


Yig. 1^, Epidinium caudatttm (Fiorentini 1889), 

Epidinium q'uadricaudaium (Sharp 1914). 

Pig. \7. Epidinium parvicandutum (Aworinzew and Mutafowa 
1914). 

Fig. 18. Meiadminyn rofundatvm pp. nov. 
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PLATE 28 


Fig. 19, Er^nnopfnsfro)} ro.>itrafum ( Fioroiitini 18810. 

Fig. “20. Eu(Uph)(liniym maggii (Piorentini 1881)). 

Pig. 21. Ostracodinium gauri sp. nov. 

Fig. 2“2. Ostracodinium gracilc (Dogiel 192.1). 

Pig. 23. Oairacodinium mgaorei sp. nov. 

Pig. 24. Osfracodimum fnvesiridahttu Kofoid and Mac'Loniiau 
1932. 
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PLATE 29 


Fig. 25. Metadinium medium Aworiuzcw and Mutafowa 1914. 
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THE DETERMINATION OP THE MEDULLARY 
PLATE IN TRITURUS TOROSUS 
(RATHKE) 

BT 

A. MANDEL SCHECHTMAN 


INTRODUCTION 

In 1924 Spemann and H. Mangold found that the dorsal blastoporal lip of 
the early gastrula, when it comes into contact with tissue destined to form epi¬ 
dermis, changes the fate of this tissue. Instead of developing into part of the 
integument, the presumptive epidermis now develops into a central nervous 
system. Because of this apparently directive capacity exerted by the dorsal 
blastoporal lip, Spemann and H. Mangold termed it the organizer (Organ- 
izator ). 

This was the beginning of a number of investigations which laid the basis 
for what may be termed the organizer theory of medullary plate determina¬ 
tion. According to the theory, presumptive medullary anlage is a neutral 
field so far as concerns the capacity to form nervous tissue; the normal medul¬ 
lary plate arises only after contact with the organizer. 

The organizer theory has not gone unchallenged. The essential point of all 
rival theories has been that at least some degree of self-dififerentiative ca¬ 
pacity is present in the presumptive medullary anlage independent of the 
elfects exerted by the organizer. 

Brachet (1923,1927a and 6), on the basis of his experiments involving the 
production of localized defects by means of a hot needle, as well as on the basis 
of transplantation experiments, has upheld the theory of the early determina¬ 
tion of all the main organ-forming materials in certain Anura. Brachet’s 
conclusions have not been supported by the work of Bytinski-Salz (1929a) so 
far as their applicability to the presumptive medullary material is concerned. 
Pieces of presumptive medullary material of Rana temporaria or Hyla arbo- 
rea, implanted into the blastocoele of Triton taeniatus gastrulae, did not 
develop into medullary plate although the presumptive mesoderm and epider¬ 
mis did differentiate according to origin. 

Pasteels (1932) attempted to show predetermined areas other than that of 
the organizer by producing lesions with a glass needle in eggs of Bufo vulgaris 
and Bonibinator pachypus, thirty minutes and two to three hours after ferti¬ 
lization. Of the resulting embryos, 50 per cent were normal; the rest showed 
deficiencies such as weaker development of the neural tube on the side punc¬ 
tured. Pasteels interprets these results as indicative of predetermined areas 
other than the organizer, although he does not consider these areas to be irre¬ 
versibly determined. Such an interpretation can hardly be extended, how- 

[ 393 ] 



394 


University of CaUfomia PvhUcaHons in ZoSlogy 


ever, to Schmidt’s constiietioii experiments on Anura (1933), in which it was 
shown that a normal embryo may be obtained after the removal of an entire 
half of the blastnla, provided the organiser is not included in the part re¬ 
moved. 

Baotzmaim (1929) and Kusche (1929) cultured part of the presumptive 
ectoderm from late blastulae and early gastrulae in the eye cavity of older 
larvae (“Interplant” experiment, DiiAen). These experiments complicated 
rather than simplified the problem. Bautzmann and Kusche showed that 
chorda and connective tissue developed from both the presumptive medullary 
and epidermal materials. Kusche obtained nervous as well as other tissues 
from the presumptive medullary material of Aniblystoma [Anibystoma], 
although not from that of Triton. 

The interplant experiments just mentioned for a time seemed unfavorable 
to the organizer theory. Their significance has been altered, however, as a re¬ 
sult of the recent work of Holtfreter (1933d) in which it is shown that living 
and dead parts of larval and adult salamanders (Triton) as well as parts of 
reptiles, birds, mammals, and certain invertebrates, are capable of inducing 
neural and other organs. The results of Bautzmann (1929) and Kusche 
(1929) may therefore be interpreted, not as evidence for self-differentiative 
capacities, but as a demonstration of the inductive principles present in sala¬ 
mander larvae. 

Data regarded as unfavorable to the organizer theory of medullary differ- 
mitiation have been advanced by Goerttler (1925,1926,1927). In one experi¬ 
ment Goerttler placed a large defect to the left side of the blastopore in a 
Pleurodeles gastrula. When neurulation occurred, the medullary fold on the 
same side as the defect arose in an abnormal position, which was, however, 
approximately the same position as that which the presumptive medullary 
anlage occupies in the gastrula stage. In other ^gs the supposedly complete 
extirpation of the organizer did not prevent the development of the medul¬ 
lary folds. This would indicate that medullary differentiation can take place 
when no organizing substrate is present. Experiments of this type led to the 
statement of the theory of double assurance (doppelte Sicherung) by Spe^ 
mann and Geinitz (1927), in which the imdisputed inductive capacities of 
the organize are viewed as a safety mechanism which assures the develop¬ 
ment of the nervous system. 

Goerttler (1927) considered that the causal antecedent of medullary dif¬ 
ferentiation was to be found in the characteristic movements which occur in 
this material. This was termed the theory of dynamic determination. It has 
subsequently been fiatly denied by Holtfreter (1933a). 

Still another tjrpe of experiments, namely, those involving tissue culture 
(explantaticm), have yielded results seemingly unfavorable to the organizer 
theory. These experiments are the special subject of the present paper; the 
data presmite'd indicate that the results of tissue culture can no longer be re¬ 
garded as incongrous with the organizer theory. Certaimrof the findings of 
Erdmann (1931), Holtfreter (1933&), and Schechtman (1934) are especially 
concerned. 
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Erdmann (1931) found that in Amblystoma pure presumptive medullary 
material of the blastula, isolated before it has been lined by the chordameso- 
dermal substrate, could develop elongate cells resembling those of the medul¬ 
lary plate. Holtfreter (1933&) also observed elongate cells, but considers their 
nature problematical and further investigation necessary. Schechtman (1934) 
found that the presumptive medullary material of Triturus torosus develops 
elcmgate as well as cuboid cells, but pointed out lhat the significance of the 
elongate cells for the organizer theory 

depends upon their actual identifica- c e’ tn w' 

tion as medullary cells. This identificsr / ( . ^ ^ ^ ^ ^ 

tion has up to the present depended 
mainly on the elongate shape of the 
cells; but, as will be demonstrated in 
the present paper, the operational pro¬ 
cedure itself produces an elongation 
also of presumptive ectodermal cells 
which makes these cells morphologi¬ 
cally similar to those of the medullary 
plate. 


MATERIALS AND METHODS 


PliANS OF OpEEATION 



Fig. A. Schema representing the plan of 
operation, hp., blastopore; ep., presump¬ 
tive epidermal ezplant; e and e* are ex- 
planted and fixed, respectively; mp., pre¬ 
sumptive medullary plate explant; m and 
are explanted and fixed, respectively. 


In obdeb to evaluate the effects of ex¬ 
plantation alone, as distinct from ex¬ 
plantation followed by culture in vitro, 
the eggs from a single clutch were di¬ 
vided into two groups. The eggs of the first group were operated upon as 
shown in text figure A. The explants so prepared (ep., or mp.) were fixed in 
Bouin’s fluid several minutes after they were removed. The eggs of the second 
group, unoperated, were fixed in toto and pieces of fixed material were re¬ 
moved in the same way as shown in the figure. By this procedure it was possi¬ 
ble to compare the histology of the tissue in situ and shortly after explantation. 

The effects of culture in vitro on the histology of explants were observed 
by bisecting the explants (fig. A, ep. and mp.) just after their removal into 
two equal parts. One part (e and m) was cultured in Holtfreter’s solution. 
The other part (e' and m') was fixed as soon as possible after removal. It was 
thus possible to compare explants fixed shortly after their removal from the 
egg with those cultured in vitro. 


Nohenclatube 

The types cells observed during the course of the experiment are datai- 
fied as cuboid, low columnar, columnar, flask-shaped, and elongate. The mean¬ 
ings attached to these terms are illustrated in figure B (p. 396). 
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Cui/ruRB Medium and Utensils 

All explants were prepared and maintained in Holtfreter’s solution (1931). 
A single quantity of about twenty litres was prepared at the beginning of the 
experiment and used throughout. Operations were performed with a sted 
microknife and hair loop on a substrate of beeswax with the aid of a binocular 
microscope. Photographs were made with the Leitz “Maoca” camera and are 
not retouched in any way. 

THE MEDULLARY MATERIAL OP THE NEURULA 

The Explanted Medullary Plate, Noncultubbd 

It is obvious that a bit of tissue removed from its normal position in the em¬ 
bryo is thereafter subjected to a set of conditions differing from those encoun¬ 
tered in the course of normal development. Under these circumstances one 

would hardly expect a fragment of med¬ 
ullary material to possess all the char¬ 
acteristics normally associated with 
medullary material. This applies es¬ 
pecially to the morphological charac¬ 
teristics which are largely obliterated 
by the operation. A bit of medullary 
material observed soon after its re¬ 
moval from the embryo cannot usually 
be identified from a mere consideration 
of its external form. We must fall back 
upon histological examination. This 
reveals, we then observe, a compact 
mass of elongate cells with parallel el¬ 
liptical nuclei. This point must be em¬ 
phasized ; that for the identification of 
explanted medullary material we must 
depend chiefly upon histological rather 
than morphological characteristics. 

The Explanted and Cultured Medullary Plate 

The explants briefly considered above were not cultured. Culturing does 
not, however, appreciably alter their histological appearance. The explants 
are still characterized by the presence of a compact mass of elongate cells 
with elliptical nuclei. Two points should be emphasized concerning these 
elongate cells. First, they do not disappear in the period of culture; and 
secondly, they do not occur as single elements or in small groups, but are 
numerous and form a compact mass. These constitute opjF criteria of medul¬ 
lary differentiation. 

Let us now examine more fully the effects of the operational procedure. 






Fig. B. Schematic illustration of types 
of cells included under the terms cuboidal 
(o), low columnar (h), columnar (c), 
flask-shaped (d), and elongate (e). 
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CHANGES OCCURRING IN EXPLANTS SOON AFTER 
EXPLANTATION 

The CtJBiinro Behavior of Explahts 

It is WEiAi KNOWH TO AL(L who have operated on the amphibian embryo that 
certain tissues exhibit a marked tendency to curl after their extirpation. The 
fact that these tissues do not curl until removed from their normal positions 
in the embryo, indicates that certain tensions are present, and that these are 
brought into evidence by explantation. Two main types of behavior were ob¬ 
served. Some ezplants curl so that the pigmented outer side is concave; others, 
so that it is convex. Explants from the blastula characteristically curl ottt- 
ward (that is, toward the pigmented side) first and remain in this condition 
for a short time. Explants from the gastrula stage, however, commonly ex¬ 
hibit inward turning. The point to be emphasized in the present problem is 
the fact that a pronounced and often rapid curling of the explant occurs, 
which must involve differences in the relative tensions on the two sides of the 
ectoderm. 

Curling plays an important role in producing the resemblance to medul¬ 
lary material which one finds shortly after explantation. It contributes to 
this resemblance in several ways. First, curling of the edges of the explant 
simulates the normal closure of the medullary plate to form a tube. Secondly, 
the pinching of the cells on one side produces the tapering condition observed 
in medullary cells. Thirdly, the concentration of the superficial pigment at 
various points, and its apparent extension into the cells produces a condition 
common to the normal medullary plate. 

POSTOPERATIONAL CONTRACTION OP EXPLANTS 

Postoperational contraction of explants may be demonstrated by compar¬ 
ing pieces fixed shortly after explantation with others fixed in situ. Thus, in 
the late blastula, the presumptive medullary and epidermal materials in situ 
are composed of cuboid, low columnar, and fiask-shaped cells (figs. 1 and 4, 
pi. 30). Just after extirpation the explant tends to become thicker; its cells 
become longer and more slender as if subject to compression (see figs. 2 and 
5, pi. 30). The nuclei become elongate and the superficial pigment becomes 
concentrated at various points. The resemblance to medullary material is in¬ 
creased by the curling of the explant, which tends to produce the tapering 
condition of the cells. 

The mechanimn involved in the curling of cell layers to become tubes re¬ 
mains a problem of great interest. Rhumbler (1902), Glaser (1914), and 
others have pointed out that the displacement of the cell contents toward one 
end of the cells or a greater absorption of water along one side of a layer of 
material could produce curling. As a result of these processes the cells should 
become roughly pyramidal in shape. But the cells of the medullary plate tend 
to becmne more slender as well as tapering, which must result from a contrac¬ 
tion at right angles to the longer axes of the cells. 
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Eu>koation or Ckllb at Cut Edcos or EzpiiAnts 

It is usoaUy after eurling is well advanced that some of the cells at the cut 
edges of the ezplant take on an elongate form, as if tending to cover the ex¬ 
posed inner surface of the material (a, fig. C). A specific example may be de¬ 
scribed. A rectangular explant was removed from the presumptive medullary 
anlage of a late blastula at 11 :55 a.m. Almost at once it 
curled outward so that the pigmented surface became 
concave. 

At 12:04 P.M. the explant had flattened out. 

At 12 K)6 the edges began to curl up in an inward di¬ 
rection, that is, tending to make the pigmented surface 
convex. 

At 12:14 the explant bad assumed the shape of a cup, 
the pigmented side constituting the outer surface. 

At 12:37 the edges of the explant had met in most 
places and were apparently fusing. At the cut edges 
numerous columnar as well as fla^-shaped and cuboidal 
cells were seen (a, fig. C). In the central part of tihe ex¬ 
plant, that is, on that part of the surface faiihest re¬ 
moved from the fusing edges, the cell outlines were 
mainly cuboidal (6, fig. C). The eloi^ation of cells at cut 
surfaces provides another possible source for the medul¬ 
lary-like cells observed in explanted material. 

The Pbesumptivb MEDTjUiABT Matebiau op the 
Middle and Late Gastbulae 

The term middle gastrula is here applied to stages be¬ 
ginning with the U-shaped blastopore, when the explants 
taken from the presumptive medullary material are commonly underbedded 
by archenteric roof. Explants taken at this stage have been subjected to the 
influences of the archenteric roof for varying lengths of time, according as 
they are derived from middle or frmn late gastrulae. 

Befwe their removal from the egg, the cells comprising the presumptive 
medullary material of this stage are cuboidal, low columnar, or columnar (a, 
h, e, fig. B). Explantation is followed by changes illustrated in figure 2, plate 
30. The elongation of the cells and their nuclei and the characteristic ccmcen- 
trations of superficial pigment recall common histological features of the 
medullary plate. 

Haintehanoe of ezplants fnmL the middle and late gastrulae in vitro has 
one of two effects, depending upon the length of time the jicasumptive medul¬ 
lary material has bew underbedded by the archenteric roof. Explants from 
the late gastrula almost always produce the compact mass of elongate cells 




Fig. C. Illiistratiiig 
elongatiozL incidentid 
to fusion of cut 
edges. Cells at cut 
edges of explants are 
shown at a. Cells far 
from cut edges are 
shown at b. ^e cell 
outlines are repre¬ 
sented as seen from 
surface view in living 
material. 
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flhanacteristic of the medullary plate. In ezplanta from the middle gastmla 
typical medullary differentiation may be partly or completely absent, occa¬ 
sional elongate cells excepted. 

The PBBStTMPTIVB MEDTTIiliABT MATERIAL OF THE EaBLT GaSTBULA AND 

Late Blastula 

In these earlier stages of development the presumptive medullary anlage 
has not yet come into contact with the archenteric roof substrate. If the ca¬ 
pacity to differentiate into medullary plate is dependent upon contact with 
the organizer, no medullary plate should be obtained from the late blastula 
and early gastmla. 

In its normal position in the egg, the presumptive medullary material is 
composed of cuboid, low columnar, and columnar cells. A few flask-shaped 
cells can be discerned, the bulbous expanded part occurring in the inner of 
the two layers of cells, the slender neck part reaching up into the upper layer. 
There is no possibility of confusing this material with trae medullary plate 
material. 

If the explants are cultured in vitro, rather than fixed soon after their 
removal, a further change occurs. The numerous elongate cells which arise as 
a result of the surgical operation disappear to a large extent. But the disap¬ 
pearance is not complete, for occasional long cells may still be seen after a 
period of tissue culture (table 1, p. 402). This does not constitute typical 
medullary differentiation, for, as we have seen (p. 396), the typical histolog¬ 
ical picture is one of elongate cells in a compact mass. 

The question is therefore narrowed down to the significance of the occa¬ 
sional elongate cells. The following results obtained with presumptive epider¬ 
mal explants throw some light on this problem. 

Presumptive Epidebmal Explants 

The presumptive epidermal material in normal development shows no ca¬ 
pacity for development into medullary plate. It never comes into contact with 
the archenteric roof. Its development as an explant in vitro therefore gives us 
a picture of nonmedullary differentiation. How does this picture compare 
with that of the presumptive medullary material of the early gastrula? 

In its normal position in the early gastrula the presumptive epidermis is 
composed of cells indistinguishable from those in the presumptive medullary 
region. Cuboid and low columnar cells predominate. As a result of its re¬ 
moval from the gasttula, the presumptive epidermal explant undergoes the 
same kind of curling and contractile changes already described for the pre¬ 
sumptive medullary anlage. The similarities between the two anlagen con¬ 
tinue even after a period of culture in vitro, for occasional elongate cells may 
be found in presumptive epidermal as well as in the medullary explant. In 
both, by far the greater number of the cells are of the “indifferent” cuboid 
type. We must therefore oimclude that occasional elongate cells are not char- 
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acteristic of the presumptive medullary region, but are common to the entire 
presumptive ectodermal field. 

Tee PEBSiSTsaroE of Elongate Cells in Presumptive Epidismal 

Explants 

It has been pointed out above that occasional elongate cells occur in pre¬ 
sumptive epidermal as well as presumptive medullary explants after a period 
of culture. In both, numerous elongate cells also arise just after the removal 
of the tissue from the egg. Is there a genetic relation between these f Are the 
occasional elongate cells simply a few persisting postoperational elongate 
cellsf 

METHOD 

All the eablt gastbulae from a laige clutch were removed fr<nn the gelat¬ 
inous matrix and washed. From each egg a rectangular piece of tissue was 
removed from the presumptive medullary anlage and cut into two equal por¬ 
tions. The entire series of such pieces were then placed in one Stender dish of 
Holtfreter’s solution. At successive intervals of time three of the explsnts 
were fixed and sectioned. 

BESUin's 

Explants fixed about five minutes after removal from the egg looked like 
medullary material. Within about one hour this resemblance had in large 
measure disappeared. Thereafter elongate, medullary-like cells occurred only 
as occasional elements. This would indicate that there is a genetic continuity 
between the post-operational elongate cells and the occasional elongate ones 
which are seen after a period of culture. Occasional elongate cells in presump¬ 
tive medullary explants are not therefore of a medullary nature. They are 
created by the experimental procedure. 

DISCUSSION 

The presumptive medullary material gives no evidence of a capacity for 
medullary differentiation until it has come into contact with the subjacent 
organizer. This follows from the experiments described above. The occasional 
elongate cells are pseudinnedullary. Making this allowance for the occasional 
elongate cells, explantation experiments are in full agreement with the organ¬ 
izer theory. They indicate that there is no more detectable capacity to form 
medullary plate in the presumptive medullary than in the presumptive epi¬ 
dermal material, before contact with the archenteric roof occurs. 

The organizer theory has received further support freon two recent and dis¬ 
similar experimental methods. Eakin (1933), by injecting a gelatine mass 
into the blastocoele, prevented the archenteric roof from coming into contact 
with a Idrge part of the anterior medullary anlage, which he had stained with 
vital dye. In the gelatine-injected eggs the colored material showed no signs 
of medullary differentiation. In control eggs the material which had been 
similarly colored developed into medullary plate. 
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Holtfreter (1933&, c) effected the separation of the prestunptive medtillary 
material from the organizer in a different way. The egg membrane was re¬ 
moved and the naked eggs were kept in a dilute Binger’s solution. Both the 
presumptive epidermal and medullary materials may then be obtained as a 
mass of cells connected to the rest of the egg by a narrow thread of tissue. 
Isolated from the organizer in this manner, the presumptive medullary mate¬ 
rial diows no evidence of any capacity to form medullary plate. 

Explantation experiments, the results obtained with exogastrulae (Holt- 
freter), experimental gastrulation (Eakin), and transplantation all agree 
in the verdict: Without the organizer there is no medullary plate. 

SUMMARY 

1. Explants from the presumptive medullary and epidermal regions of a 
urodele egg, Triturus torosus (Bathke), were grown in vitro in a salt solution. 

2. It is shown that marked histological changes are produced in presump¬ 
tive epidermal explants by the surgical operation. The cells become longer 
and more slender, and the curling of the entire explant tends to make the 
cells taper toward one end. The net result is that the cells take on a resem¬ 
blance to medullary material. 

3. The medullary-like cells thus produced in presumptive epidermal ex¬ 
plants in large measure disappear in the period of culture. A few remain and 
these seem to be the occasional elongate cells regarded as medullary in nature. 

4. Typical medullary differentiation is characterized by a compact mass of 
elongate cells rather than by occasional ones. 

5. Such typical medullary differentiation occurs only in presumptive med¬ 
ullary explants which have come into contact with the archenterie roof (the 
organizer). 

6. Prom all the foregoing it follows that the results of explantation experi¬ 
ments in Triturus torosus are in full agreement with the organizer theory of 
medullary plate determination. 
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TABLE 1 

Thb Histolooxcal APFKABJaroB or Ezplants nou tbb PRastncPTivs Mxdullabt Ajilaoi 
or Succxssivi Dxvxlophxntal StaobBi Oultubxd xn Yitko 


Date of 
operation 

stage of 
donor 

TJ* 

Shapee of oeUa in ezplante 

Fixed juet after extirpation 

Fixedt after ouHure in wiko 

Jan. 12, 

12P.1C. 

Late 

blastula 

- 

Cuboid; few flask-shaped 

Cuboid; low columnar 

Jan. 13, 

11 A.M. 

Shallow 

blastopore 

- 

Flask-shaped; elongate 

Low columnar; several 
elongate 

- 

Cuboid (poor slide) 

Low columnar; few 
elongate 

Jan. 13, 
5 f.h. 

Crescentic 

blastopore 

- 

Cuboid; low columnar 

Many elongate; many 
cuboid 

- 

Cuboid; columnar; few 
flask-shaped 

Low columnar; few 
elongate 

Jan. 13, 
10:30 P.H. 

U-fihaped 

blastopore 

+ 

Columnar; many 
elongate 

Cuboid; low columnar; few 
elongate 

1 

Medullary 

Cuboid; low columnar; few 
elongate 

Jan. 14, 

10 A.M. 

Medium round 
yolk-plug 

+ 

Medullary 

. 

Medullary in part; low 
columnar 

; + 

Medullary 

Lost 

Jan. 14, 
1:30 P.M. 

Medium round 
yolk-plug 

+ 

Medullary 

Medullary 


Medullary 

Cuboid; coluixinar; few 
elongate 

Jan. 14, 
8:30 F.U. 

Small yolk-plug 

+ 

Medullary 

Medullary 

+ 

Medullary 

Medullary 

Jan. 15, 
0:40 A.M. 

Earliest 

neurula 

+ 

Medullary 

Medullary 

+ 

Medullary 

Medullary 


Sole-shaped 

medulla^ 

plate 

+ 

Medullary 

Medullary 

+ ' 

Medullary 

Medullary 


* 0-p r ei on oe (*f) or mbtonoe (—) of arohenteric roof under tho explanted materildi 
t Date of fisation, January 19,1984,11 a,m. 
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TABLE 2 

Thx Histological Apfsa&aitgs or Explants fboh ths Presumptive Epidermal Anlage 
or Snccxssivx Developmental Stages. Capsule A 


Date of 
operation 

State of 
donor 

Shapes of cells in explants 

Fixed just after extirpation 

Fixed* after culture in vitro 

Jan. 12) 

12 P.M. 1 

Late blastula 

Cuboid; blunt flask- 
shaped 

Cuboid; flask; low 
columnar 

Jan. 13, 

11 A.M. 

Shallow blasto¬ 
pore 

Cuboid; few elongate 

Lost 

Cuboid; few fiask-shaped 
and elongate ! 

Cuboid; low columnar; 
few elongate 

Jan. 13) 

5 P.M. 

Crescentic 

blastopore 

Cuboid; low columnar; few 
elongate; flask-shaped 

Low columnar; few 
elongate 

Medullary^ 

Cuboid; low columnar 

Jan. 13) 
10:30 P.M. 

U-shaped 

blastopore 

Medullary 

Cuboid; low columnar; few 
elongate 

Medullary 

Cuboid; columnar; few 
elongate 

Jan. 14, 

10 A.M. 

Medium round 
yolk-plug 

Medullary 

Cuboid; flask-shaped 

Columnar; few elongate 

Elongate 

Jan. 14, 
1:30 p.ii. 

Medium round 
yolk-plug 

Medullary 

Cuboid; columnar; few 
elongate 

Medullary 

Cuboid; columnar; 
elongate 

Jan. 14) 
8:30 P.M. 

Small yolk-plug 

Medullary 

Cuboid; few elongate 

Columnar; few elongate 

Cuboid; few elongate 

Jan. 15, 
9:40 A.1I. 

Earliest neurual 

Columnar 

Cuboid; few flask-shaped 

Medullary 

Cuboid; few elongate 

Jan. 15, 
5:30 P.M. 

Soie-shapefl 
medullary plate 

Columnar; few elongate 

Cuboid; few flask-shaped 

Medullary in part; 
columnar 

Low ccluranar; cuboid 


of fixation, January 19,1984,11 a.m. 
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EXPLANATION OP PLATE 
Photographs not ratonehed in any way. 

PLATE 30 

Fig. 1. Presnmptiye medullary material from a late blaetulay 
fixed in Htu, No elongate oelle are present. 

Fig. 2. Presumptive medullary material from a late blastula, 
fixed soon after extirpation. The explant has curled ^'outward.'* 
Note the longer, more slender cells, the concentrations of pig¬ 
ment and the '^elliptical’^ nuclei. 

Fig. 3. Presumptive medullary material from a late blastula, 
fixed after a period of culture in vitro. Note the several elon¬ 
gate cells, indicated chiefiy by streaks of pigment in the photo¬ 
graph. 

Fig. 4. Presumptive epidermal material from the late blastula, 
fixed in eitu. No elongate cells are present. 

Fig. 5. Presumptive epidermal material from the late blastula, 
fixed soon after extirpation. Note the lengthening of some of the 
cells, the concentrations of pigment, and the ^^elliptical^’ nuclei 

Fig. 6. Presumptive epidermal material from the late blastula, 
fixed after a period of culture in vitro. The majority of cells are 
roughly cuboidal in shape; several slender cells occur in the lower 
part of the explant. 
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a neuromotor system in Eupote- 
rion demonstrated by, 37 
Contractile vacuoles: of Protozoa, 
205, 210, 211; of Epidinium, 211 
if.; of Eudiplodinium maggii, 
215; of Ophryoscolex caudatus, 
219; of Ostracodinium, 220 if.; of 
Pol 3 rpla 8 tron multivesiculatum, 
222 fP.; of Metadinium medium, 


Contractile vacuoles fcontinued) 

224; structure of, in the Ophryo- 
Bcolecidae, 225; origin of small 
accessory vacuoles, 228; elimina¬ 
tion of fluid by means of, 230 
Conus arteriosus, 312, 315,316 
Cord: atrial, 313-614; ventricular, 
314 

Correlation of the Distribution of the 
Protozoa in the Intestine of Bat- 
tus nonregicns with the Hydro¬ 
gen Ion Concentration of the In¬ 
testinal Contents and Wall, 179- 
190 

Creaser, E. P., cited on Caecidotea 
from Missouri, 104 
Cunhai, 28 
Cunhaia, 343 

Cycloposthium dentatum f. scutige- 
rum, 221 

Daniel, J. Frank, The Circulation of 
Blood in Ammocoetes, 311-340 
Daniel, J. Frank, and Burch, A. B., 
A Rotary Disc for the Observa¬ 
tion of Objects in Profile, 191- 
200 

Daniel-Burch Rotary Disc, 304 
Dasytricha ruminantium, 28, 29, 377 
Determination, dynamic, theory of, 
277 

Determination of the MbduUary Plate 
in Triturus torosus (Bathke), 
The, 393-408 
Devescovina hilli, 86 
nova, 86 

Devescovina pdyspira, 84; microor¬ 
ganisms adherent to, 84, 85; ^'ba¬ 
sal granules” of, 85; parabasal 
apparatus of, split and vacuo¬ 
lated, 86; diagnosis of, 86; sum¬ 
mary, 87 

Dierks, K., cited on basal granules of 
the membranelle, 38 
Dileptus, 37 

Diplodinium, 2,19, 20, 21, 37, 343, 353, 
357 

anacanthum, 4, 356, 357, 359, 360, 
361, 362 

anisacanthum, 345, 346, 358, 361- 
362 

cattanei, 2,11,13 
caudatum, 2, 4, 5,16 
ceylonicum, 345, 356 
costatum, 354, 355 
diacanthum, 345, 346, 356 ff., 359 
dogieli, 355 
eberleiui, 2,16 

ecaudatum, 2,4, 20, 37,50,378 
forma cattanei, 13 
forma caudatu^ 5 
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Diplodinium ecaudatum (continued) 
forma quadricaudatum, 10 
Tar. cattanei^ 13 
hamatum, 12 
long^innm^ Id 
me^um, 207 

minor, 345, 346, 352 £f., 357 
monacanthnm, 345, 346, 355, 356, 
857, 358, 359, 360, 361 
pentacanthum, 345, 346, 358, 361, 
362 

rangiferi, 355 

tetraeanthum, 345, 346, 358, 360, 
361 

triacanthum, 345, 346, 358, 359, 360 
Diploplastron, 343 
Discophrya planariarum, 251, 252 
Distomum boscii, relation of, to Zeu- 
gorchis aequatus, 164 
Dogiella, 234 

Dogiella spherii, location of Golgi ma- 
terial in, 262 

Dragonflies, percentage of infection 
of, by Ostiolum oxyorchis, 146 
Dragonfly nymphs, cercaria eaten by, 
145 

Duboscq, O., and Grasse, P., cited on 
‘‘vesicules chromophobes” of De- 
vescovina hilli, 86 

Eakin, Eichard M., Eegnlatory De¬ 
velopment in Trltnras torosus 
(Eathke), 191-200 

Eakin, R. M., cited on differentiation 
in presumptive medullary mate¬ 
rial, 285 

Effects of Methylene Blue and Other 
Oxidatlon-Bednction Indicators 
on Experimental Tumors, The, 

293-302 

Electrode, quinhydrone, reference, 
181 

Elytroplastron bubali, 29, 343 
Englemann, T. W., observations of, 
on mechanism of movement of 
cilia, 35 

Endostylar circulation in Ammocoe- 
tes, 328-329 
Enoploplastron, 343 
Entodinium, 343, 346, 347 
acutonucleatum, 345, 346, 347, 348 
bimastus, 29, 349 
cimtractiiiii, 345, 346, 347, 348 f. 
curtun^ 345, 346, 347, 348 f. 
ellipsoideum, 351 
indicum, 347, 351 
longinueleatum, 346, 347, 851 f. 
navellum, 346, 347/ 351 f. 
ovalis, 28 
Entorhipidium, 37 

Entosphenous tridentatus, 311; habi> 
tat of, 312; heart of, 312; sinus 
venoBUs of, 312, 315; atrium of, 


Entosphenous tridentatus (continued) 
312, 313, 314, 315; ventricle of, 
812, 314, 315, 316, 317; activity 
of heart and movement of blood 
in, 315; analysis of heart in, 316; 
ventral aorta of, 318, 323; affer¬ 
ent branchial arteries of, 324- 
325; external carotid artery of, 
325; orbital artery of, 326; semi¬ 
transparency of, 327; endostylar 
circulation of, 328; inferior jugu¬ 
lar vein of, 329; internal carotid 
artery of, 333-335; circulation 
over brain of, 335; dorsal sinus 
of, 335; superior jugular vein of, 
337 

Eodinium, 343 

bilobosum, 345, 346, 354, 362 ff. 
lobatum, 365 
posterovesiculatum, 365 
Epidinium, 1, 2, 3, 15, 17, 18, 20, 21, 
29, 205, 210, 211, 219, 227, 228 
africanum, 18 

bicaudatum, 4, 7, 8,10, 211, 366 
bulbiferum, 4,12 
cattanei, 3, 4,11, 13,15 
caudatum, 3, 4, 5, 7, 12, 211, 345, 
346, 364, 365 
eberleini, 3,16,17 

ecaudatum, 1, 3, 4, 5,15, 18, 22, 211, 
366, 367 
fasciculus, 4 
forma bulbiferum, 12 
forma caudatum, 5 
forma ecaudatum, 4 
forma fasciculus, 13 
forma gigas, 13 
forma hamatum, 12 
forma quadricaudatum, 10 
gigas, 4, 13 
hamatum, 3, 4, 12 
lobatum, 16 

parvicaudatum, 4, 11, 13, 345, 346, 
364, 365 ff. 

quadricaudatum, 4, 10, 11, 344, 346, 
364, 365, 366 
quinquecaudatum, 13 
tricaudatum, 4, 8,10, 211 
Epidinium, 1; diagnosis of, 1; mor¬ 
phology of, 2; validity of, genus 
established, 2; membranelle zone 
of, 2; shape of body of, 2; twisted 
longitudinal axis of body of, 2; 
main skeletal complex of, 3; close 
relationship of, with Ophryoscolex, 
3 ; contractile vacuole of, 211 ff.; 
excretory canal of, 211; descrip¬ 
tion of fully expanded vacuole of, 
212; vacuolar cycle of, 212-214; 
osmiophilic granules of, 214 
Epidinium: ecaudatum group, charac¬ 
teristics of, 4, 12; hamatum 
group, 12 
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SpipUstron, 17,18,28,29,343 
africaxLum, 18,19 
spinoBum, 18, 19 

BpiplMtxon: diagnosis of, 17; impor< 
tant systematic characters of, 
18; membranelle none of, 18; 
skeletal complex of, 18; has two 
contractile vacuoles, 18; macro¬ 
nucleus of, 18 

Erdmann, W,, cited on development of 
medullary plate, 277, 282 
Eremoplastron, 19, 343 
rostratum, 345, 346, 367, 368 
Eudiplodinium, 2,19, 29, 205, 210,224, 
226, 227, 228, 231, 232, 233, 235, 
343 

maggii,215,218,344, 345, 346, 368 If. 
Euplotes, 37, 225, 226,230, 231 
patella, 207 
Eupoterion, 38, 51 
European Amphibia, 278 
Explantation. See Triturus torosus 

Favella, 37 

Flukes: first record of, from the frog, 
137; young, not infective to tad¬ 
poles, 140; description of imma¬ 
ture and adult, of Ostiolum oxy- 
orchis, 148; specificity for hosts 
of, 152; structure of young, of 
Zeugorchis syntomentera, 170, 
and of adult, 171 

Frogs: infected with Ostiolum oxyor- 
chis, 148, 149; Haematoloechus 
tumidus found in stream-inhab¬ 
iting, 155 
Frontonia, 37 

Fungi: associated with termites, 111, 
112 , 117; species of termites 
chosen for study of, 112, and col¬ 
lection of colonies, 112, 113; 
method of making cultures, 115; 
isolation of different, 117; iden¬ 
tification of, 117; demonstration 
of mycelium of, in wood, 117; 
distinctive differences in growth 
of, 122; classification and nature 
of, 123; relation of, to species of 
wood, 125; distribution of, within 
individual termite colonies, 125. 
See also Termites 

Gastrulation, best stage for study of 
development of, in Amphibia, 191 
Gaur: habitat of, 341; resistant to do¬ 
mestication, 341-342; similarity 
of ciliate fauna in stomach of, 
compared with that of domesti¬ 
cated cattle, 342 

Gelei, J. v., a fit^illar system demon¬ 
strated in Paramecium nephri- 
diatum by, 38; cited on support¬ 
ing nature of fibrils, 41,42; cited 


Gelei, J. v. (ooniiMted) 

on '^Penniculus,*^ 49; cited on the 
neuromotorium, 58; the Stomo- 
daealfasem of, 55 

Gelei, J. v., and Horv&th, P., silver im¬ 
pregnation method of, 40; method 
of, superior to Klein^s for stain¬ 
ing fibrillar structures, 57, 60 

Giardia: distribution of, in rats, 185, 
186, 187, 189; relation of, to pH, 
185; pathogenicity of, 187; spe¬ 
cies of, present in rats, 187 

Goerttler, K., cited on ring embryos, 
195, and on the theory of dyna¬ 
mic determination, 277 

Golgi, silver impregnation method 
used by, 39 

Golgi apparatus: in Haptophyra mich- 
iganensis, 262, in Dogiella spherii, 
262, and in Hoplitophrya brasili, 
263 

Golgi material: identification of, in 
ciliates, 234, 235-236; restriction 
of term, 234; demand that, be 
constant in distribution and mor¬ 
phology, 235; granular form of, 
235; osmiophilic granules inter¬ 
preted as being, 236 

Grasse, P., cited with Duboscq, O., on 
^‘vesicules chromophobes’^ of De- 
vescovina hilli, 86 

Grassi, B., cited on parabasal appa¬ 
ratus in Bevescovina nova, 86 

Haematoloechus, 137, 138 
asper, 137, 138 
australis, 137 
breviplexus, 138 
campyristis, 137, 138 
fulleborni, 137, 138 
kernensis, 137,138 
longiplexus, 138 
neivai, 137,138 
parviplexus, 137, 138, 155 
similiplextts, 138 
similis, 137, 138 
tumidus, 137, 138, 155 
variegatus, 137,138 
varioplexus, 137,138 

Haematoloechus: named by Looss, 
137; name later changed to Pneu- 
monoeces, 137; genus revived and 
Pneumonoeces reduced to synon¬ 
ymy, 138; thirteen recoined 
species of, 138 

Haematoloechus parviplexus, 137; life- 
history of, 138; parthenita hosts 
of Ostiolum oxyorehis more 
closely related to, than to O. me- 
dioplextts, 155 
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Haematoloechus tumidua: life*cycle 
of, not known, 155; found in 
Btream-inbabiting Bana aurora, 
155 

Haplometra cylindraeea, 137 
Haplometra, life-history of genus of, 
138 

Haptophrya gigantea, 252 
plana rium, 252 
tritonis, 251, 252 

Haptophrya michiganensis, 251-276; 
habitat of, 251; discovery of, 
251; systematic position of, 251; 
relation of, to H. gigantea, 252; 
use of living and fixed material 
of, 253; vital staining of, 253, 
255; morphology of, 256 ff.; length 
of, 256; sucker of, 256, 260; mac- 
ronueleus of, 256, 260; contrac¬ 
tile canal of, 256, 260; cilia of, 
257; pellicle of, 257; cytoplasm 
of, 258; endoplasm of, 258; cyto¬ 
plasmic granules of, 258, 261; ec¬ 
toplasmic structures, 258 fT.; en¬ 
doplasmic structures, 260 ff.; 
micronuclei of, 261; vaeuome of, 
261; Golgi apparatus of, 262; neu- 
roniotor system of, 263; fibrillar 
ring, 263; motorium of, 263; ac¬ 
cessory bodies of, 263; radial 
myonemes of, 264; basal granules 
of, 264; fibrils of, 264; reproduc¬ 
tion of, 264-265; susceptibility 
gradient experiments, 265-266; 
transmission experiments, 266 
Harvey, W., discovery of circulation 
of blood by, 311; astute observa¬ 
tion and deductions made by, «311 
Hegner, R, W., cited on Trichomonas 
findings in intestine of rat, 181; 
on abundance of Giardia in duo¬ 
denum, 1S5 

Heidenhain, M. V., work of, confirmed 
findings of Engleinann, 36; diffi¬ 
culty of, in distinguishing actual 
from apparent connections be¬ 
tween basal granules, 36, 38 
Hemidactylium scutatum, 251, 266 
Hendee, Esther O., The AsfKxdation of 
the Termites Kalotermes minor, 
Beticnlitexmes heeperus, and Zo- 
otermopsis angusticollis with 
Pungl, 111-134 
Hepatic vein, 312 

Hexamitus: presence of in lower ver¬ 
tebrates, 184; distribution of, in 
the rat, 184, 185, 189; adaptabil¬ 
ity of, 185 * 

Hexamitus muris, 184 
Holtfretor, J., cited on formation of 
medullary plate, 277, 282; solu¬ 
tion of, 278, 282, 285; cited on 
medullary difTerentiation, 285 


Hoplitophrya brasili, Golgi material 
of, 263 

HorvAth, P., and Gelei, J. v., silver 
impregnation method of, 40, 60 
Hyla arborea, 393 

Hyla regilla; infecting, with Zeugor- 
chis syntomentera, 168; cercariae 
of Z. syntomentera become meta- 
cercariao in tadpoles of, 173 
Hyoidean sinus, 327-328, 329, 337 

Induction of medullary plate. See 
Triturus torosus 

Ingles, Lloyd G., Studies on the Stmo- 
ture and Idfe-History of Ostio- 
lum oxyorchis (Ingles) from the 
California Bed-legged Frog, Bana 
aurora draytoni, 135-162; Stud¬ 
ies on the Structure and Lif e-Hia- 
tory of Zeugorchls s 3 mtomentera 
Sumwalt, a Trematode from the 
Snake Thamnophis ordinoides 
from California, 163-178 
Intestine, small, of rat: length, 179; 
Peyer^s patches, 179; pH of wall 
scrapings of, 181 
Isopod, a New Blind, 97-110 
Isotricha, 28 
intestinalis, 28, 377 
prostoma, 28, 29, 377 

Jacobson, Irene, exhaustive study of 
fibrillar systems by, 40; cited on 
surface pattern in Paramecium, 
41, 42 

Jenkinson, J. W., observations of, on 
common English frog, 280 
Jugular vein: deep, 336; inferior, 312, 
315, 318, 328, 329; superficial, 
336; superior, 312, 328, 329, 337 

Kalotermes minor: association of, 
with fungi, 112; fungi most fre¬ 
quently isolated from, 118, 122; 
distribution of fungi within in¬ 
dividual colonies of, 125 ff.; fungi 
isolated from fecal pellets of, 129, 
130. Sec alffo Fungi; Termites 
Kalotermes oecidentis, fauna of, 77 
Khainsky, A., cited on basal granules 
and cilia in Paramecium, 37, 39 
Kirbv, H., cited on Proboscidiella 
nomenclature, 78; on granules 
found in kofoidi, 81 
Klein, B. M., cited on silverline sys¬ 
tem, 45; method of Gelei and 
Horv/ith for staining fibrillar 
structures superior to that of, 57, 
60 

Kofoid, C. A., cited on broader appli¬ 
cation of neuromotor concept, 37 
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Kofoidi C. A., and Ohristenson, John 
OUlatas from Bob gaums H. 
Smltb, 341>-392 

Kofoid, 0. A., and MacLennan, B. F., 
OUlatas from Bos indicns Linn, 
in. Bpldlnimn Crawley, Epiplas- 
tron gan. nov., and Ophryoscolax 
Btaln, 1-34 

Kofoid, C. A., McNeil, E., and Bones- 
tell, A., Oorrelatioii of the Blstri- 
bntioii of the Protosoa in the In- 
testine of Battns noiTTegiciis with 
the Hlydrogen Ion Concentration 
of the Intestinal Contents and 
Wall, 179-190 

Kofoid, C. A., and Swezy, Olive, cited 
on pseudopodial action of cyto¬ 
plasm in I^oboBcidiella, 78, and 
on "retractor fibers,” 81 

Eolseh, K., hexagonal pattern of pel¬ 
licular sculpturing first recorded 
by, 36 

Lechriopyla, 37 

Lehmann, F. E., cited on double proc¬ 
ess of neural plate, 277; observa¬ 
tions of, in Triton, 280 

Leibermann, P. R., cited on differ¬ 
ences in pellicular pattern, 39 

Leonian’s agar: used as culture me¬ 
dium for fungi, 113; formula for, 
113 

Lewis, Walter W., New Species of 
ProboBcidiella and Devescovlna 
ftom Kalotermes occldentis Wal¬ 
ker, a Termite of Lower Califor¬ 
nia, 77-96 

Life-cycles in Beniferinae, 172 

Life-history: experiment with Ostio- 
lum oxyorchis, 151; comparison 
of structure and, of O. oxyorchis 
with O. medioplexus, 153 

Light, S. F., cited on Metadevesco- 
vina debilia, 84, 85 

Literature cited on: Oiliates from Bos 
indicus Linn. III., 30; Silverline 
and Neuromotor Systems of Para¬ 
mecium, 61; New Species of Pro- 
boscidiella and Devescovina, 88; 
Subterranean Asellids, 105; Asso¬ 
ciation of Termites with Fungi, 
133; Life-History of Ostiolum 
oxyorchis, 156; Life-History of 
Zeugorchis syntomentera, 174; 
Protozoa in the Intestine of Bat- 
tus norvegieus, 189; Development 
in Triturus torosus, 197; Botary 
Disc for Profile Observation, 203; 
Cycle of Vacuoles in the Ophryo- 
scolecidae, 239; Morphology of 
Haptophrya michiganensis Wood- 
heaif, 268;* The Organizer in Tri- 


Literature cited (cofitiiMied) 

turns torosus, 287; Effects of 
Methylene Blue on Tumors, 302; 
Unipolar Ingression in Triturus 
torosus, 307; Circulation of Blood 
in Ammocoetes, 338; dliates from 
Bos gaurus H. Smith, 380; Medul¬ 
lary Plate in Triturus torosus, 
404 

Looss, A., cited on Trematodes, 137 
Lund, Everett E., A Correlation of 
the Silverline and Neuromotor 
Systems of Paramecium, 35-76 
Lung fiukes, not infective to tadpoles, 
140. See also Flukes 
Lynch, J. E,, a neuromotor system in 
Entorhipidium and Lechriopyla 
demonstrated by, 37 

McDonald, J. D., a neuromotor system 
in Balantidium demonstrated by, 
37 

MacDougall, M. S., a neuromotor sys¬ 
tem in Chlamydodon demon¬ 
strated by, 37 

MacLennan, Ronald F., The Pulsatory 
Cycle of the Contractile Vacuoles 
in the Ophryoscolecldae, dilates 
from the Btomach of Cattle, 205- 
250 

MacLennan, B. F., and Connell, F. H., 
a neuromotor system in Eupote- 
rion demonstrated by, 37 
MacLennan, B. F., and Eofoid, C. A., 
dliates from Bos indicus Linn. 
HL Epidinlum Crawley, Epiplas- 
tron gen. nov., and Ophryoscolex 
Btein, 1-34 

McNeil, Ethel, Bonestell, A., and Eo¬ 
foid, C. A., Correlation of the Dis¬ 
tribution of the Protozoa in the 
Intestine of Battus norvegieus 
with the Hydrogen Ion Concen¬ 
tration of the Intestinal Contents 
and Wall, 179-190 

Mangold, H., cited with Spemann, H., 
on induction of neural tube in 
presumptive epidermis, 277, 281 
Maier, H. N., pellicle of Paramecium 
described by, 36 

Marx, A., cited on function of archen¬ 
teric roof, 277 

Maupa’s discussion of Paramecium, 
three points of interest in, 35--36 
Mediorima propria: classification of, 
164; not related to Zeugorchis 
aequatus, 164 

Medullary aidage: at beginning of 
gastrulation, 277; supplemented 
by archenteric roof, 277 
Medullary differentiation, 394, 395, 
399 
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Mednllary plate: recent theories con¬ 
cerning, in urodeles, 277; organ¬ 
izer theory of, determination, 
398, 394; the explanted and cul¬ 
tured, 896 if. See also Triturus 
torosus 

Metacercaria: of Ostiolum oxyorchis, 
145; excretory system of, 147; 
shrinkage of, caused by Station, 
148; method of obtaining, of Zeu- 
gorchis syntomentera, 165; struc¬ 
ture of, in Z. syntomentera, 169 

Metadinium, 205, 206, 210, 224, 225, 
227, 228, 235, 343 
magnum, 371 

medium, 224, 225, 345, 346, 369, 370 
rotundatuin, 345, 346, 364, 370 fF. 
tauricum, 371 
ypsilon, 371, 372 

Metazoan cells, neurofibrils of, 35 

Methylene blue: rate of O, consump¬ 
tion increased by, 293, 300; rela¬ 
tion between redox potential and 
Oj consumption of, 293; ‘‘poising” 
effect of, 294, 301; preparation 
of, for treatment, 295; size of 
injection of, 295-296; improba¬ 
bility that regression of tumor is 
caused by toxicity of, dye, 300; 
percentage of regressions ob¬ 
tained by, treatment greater than 
that of controls, 301; catalytic 
action of, 301. See also Tumors 

Miller, Milton A., A New Blind Iso- 
pod, Aaellus californicus, and a 
Beyision of the Subterranean 
AselUds, 97-110 

Miracidia: method of obtaining, 140; 
staining of, 141; shrinkage of, 
after fixation, 142; nuclei of, 142; 
penetration of, into molluscan 
host, 142; method of obtaining, of 
Zougorchis syntomentera, 166 

Molluscan hosts: of Ostiolum oxyor- 
ohis, 139; penetration of miraci¬ 
dia into, 142 

Morphology of Haptophrya mlchlga- 
nensis Woodhead, an Astoma- 
tona Olliate from the Intestinal 
Tract of Hemldactyllum ecuta- 
tvm (Schlegel), The, 251-276 

Nervous system, development of. See 
Triturus torosus 

Neuromotor system: in Paramecium, 
50,57, 58; primary function of, 59 

Neurula, medullary material of, 396 

New Species of Proboscidlella and De- 
yescovina from Salotermes oed- 
dentis Walker, a Termite of 
Lower Oalifocnia, 77-96 

NichoUs, G, K,, cited on Asellus from 
Japan, 103 


Opalina, 39, 235 

Ophryoscolecidae: habitat of, 205; 
contractile vacuole of, 205, and 
points of interest concerning 
them, 205; manner of obtaining 
material for study of, 206, and its 
preparation, 206-207; description 
of cytoplasm of, 207; Brownian 
movement of granules present in 
ectoplasm of, 207, 208; sol state 
of cytoplasm of, 207; areas of 
gelation of, 207; location of gran¬ 
ules in matrix of cytoplasm of, 
208; identification of granules of: 
mitochondria, 208, glycogen, 208, 
vacuomo, 209, osmiophilic, 210; 
observations on vacuolar cycles 
of, 210 ff., 230 ff.; structure of 
contractile vacuole in, 225; papil¬ 
la pulsatoria of, not present in liv¬ 
ing material, 225; excretory canal 
and pores of, 226; vacuolar wall of, 
226; vacuolar region of, 227; ori¬ 
gin of small accessory vacuoles of, 
228; evidence for the solution of 
osmiophilic granules of, 228; fu¬ 
sion of accessory vacuoles in, 
229; source of vacuolar fluid of, 
229; relatively impermeable pel¬ 
licle of, 229, 230; pulsation of 
vacuoles of, while feeding, 229; 
resting stage of, 230; systole of, 
230-231; diastole of, 231-232; 
structure of ectoplasm of, 232; 
periodic sol-gel changes in, 232, 
233; identification of Golgi mate¬ 
rial in, 234-235; osmiophilic 
granules of, interpreted as Golgi 
material, 236 

OphryoBcolex, 1, 2, 3, 18, 19, 20, 21, 
22, 29, 205, 210, 219, 227, 231, 343 
bicinctus, 23 
bicoronatus, 25, 26 
buissoni, 22, 23 
forma bicinctus, 23 
unicinctus, 22 
cattanei, 13 
cattancoi, 13 
caudatus, 3, 25, 26, 219 
ecaudatus, 4,10 
forma afrieanus, 18 
forma caudatus, 5 
forma ecaudatus, 4 
forma gigas, 13 
forma hamatus, 12 
fasciculus, 13 
inermis, 4,5,19, 20,21,22 
intermixtus, 5 
labiatus, 4 
purkynjei, 20, 25 
quadricoronatua, 26 
spinosuB, 23, 24, 25, 29 
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Ophryoseolex: diagnosis of, 19; re¬ 
view of litera|;iire concerning, 20; 
characters of systematic impor¬ 
tance of, 20; adoral none of, 20; 
membranelles of, 20; skeletal 
complex of, 21; main caudal 
spine of, 21; longitudinal grooves 
of, 21; macronucleus of, 21; vac¬ 
uoles of, 21; complex array of 
caudal spines of, 21; circlets of 
secondary spines of, 21; detailed 
structure of caudal complex of, 
21*-22 

Ophryoscolex groups, characteristics 
of: buissoni, 22; caudatus, 25; 
pnrkynjei, 23 

Opiathotriehum, 20, 28, 343 

Orbital artery, 326; relation of, to ex¬ 
ternal carotid, 326-327 

Organiser in Triturus toroaos 
(Bathke) and Its Bdle in the De¬ 
velopment of theMeduUary Plate, 
The, 277-292 

Organizer, amphibian. See Triturus 
torosus 

Organizer theory, 393, 394, 395 

Ostiolum: revived by Travassos and 
Darriba, 137; four recognized 
species of, 138; validity of genus, 
152 

Ostiolum coloradensis, 137 
complexus, 137 
confusus, 137, 151, 155 
formosum, 137 
medioplexus, 138, 153, 155 

Ostiolum oxyorchis: molluscan hosts 
of, 139; Planorbis parvus host of, 
140,151; eggs and miracidium of, 
140; hatching of eggs of, 141; 
staining of miracidia of, 141; 
sporoeyst of, 143; percentage of 
Planorbis paivus and P. vermi- 
cularis infected by cercaria of, 
144; description of cercaria of, 
144, and of metacercaria of, 145; 
dragonfly hosts of, 145, and per¬ 
centage of infection, 146; excre¬ 
tory system of metacercaria of, 
147; shrinkage of metacercaria 
caused by fixation of, 148; de¬ 
scription of immature and adult 
flukes of, 148; frogs infected 
with, 148; in Bana aurora, 149, 
151, 155, and in E. boylii, 149; 
Bana pipiens not infected by, 
149; in the lungs of frogs, 149; 
food of, 149; growth and differen¬ 
tiation of organs of, 150; season¬ 
al forms of, 150; O. confusus be¬ 
comes synonym of^ 151,155; final, 
life-history experiment, 151; in 
feeing Bympetrum illotum, 151, 
155; specificity of, 152,154; com- 


Ostlolum oxyorchis (continued) 

parison of structure and life-his¬ 
tory of, with those of O. medio¬ 
plexus, 153; adolescaria hosts for, 
155; parthenita hosts of, more 
closely related to Haematoloe- 
chus parviplexus than to O. me¬ 
dioplexus, 155 

Ostracodiuium, 2, 19, 205, 210, 219, 
228, 231, 232, 343, 372 
dilobum, 376 

gauri, 345, 346, 374, 375-376 
gracile, 220, 225, 344, 346, 374, 376 
mammosum, 220 
monolobum, 220, 221 
mysorei, 345, 346, 372 ff., 376 
obtosum, 221 

trivesiculatum, 345, 346, 374, 377 
Otic capsule, 327, 328, 336 
Oxymonas, 77 

Packard, A. S., cited on generic char¬ 
acters of cave fauna, 100 
Papilla pulsatoria, 225 
Parabasal apparatus: in Bevescovina 
polyspira, 84; vacuolated appear¬ 
ance of, 86 

Paramecium, 35, 36, 38, 39, 40, 42, 43, 
46, 225, 236 
aurcha, 36 

caudatum, 37, 38, 41, 229 
multimicronucleata, 43 
nephridiatum, 38, 40,41,42,54 
Paramecium: differences of interpre¬ 
tation of fibrillar system of, 35, 
58; review of literature concern¬ 
ing, 35-40; present knowledge of 
fibrillar system of, 40 ff.; surface 
structure of, 40; location of the 
cilia of, 41,52; basal granules of, 

41, 46, 47, 49, 56; transverse com¬ 
missural neurofibrils of, 41; tri- 
chocyst of, 41, 56, 60; cytopha- 
rynx of, 41, 42, 47, 49, 52, 54, 57; 
''oral membranelle,” 41-42; sub- 
pellicular fibrils of, 42,66; ciliary 
rootlets from basal granules of, 

42, 51; neuromotor center of, 42- 
43; twofold silverline system of, 
46; indirectly connected conduc- 
tile system of, 46-47, 56, 68; ac¬ 
cessory granules of, 46—47; trans¬ 
verse fibrils of, 47; cilia of, 47; 
pellicular and subpellicular por¬ 
tions of, distinguished with the 
wet silver method, 47; basal ring 
of, 47-49; longitudinal fibrils of, 
49; penniculus of, 49, 52; neuro- 
motor system of, 60, 57, 58, 60; 
the pharyngeal complex of, 62; 
the pellicle of, 57, 68, 60; meta¬ 
bolic function of the fibrils of, 
considered absurd, 67; possible 


[ 416 ] 




Index 


Paramecium (contimied) 

function of endoplasmic fibrils 
of^ 58; strengthening function of 
fibrils of, 59; polygons of, pellicu¬ 
lar and not fibrillar, 60 
Paramecium multinucleata: morphol- 
ofiry of, 45 ff.; the silverline sys¬ 
tem of, 45, 55, 58; pellicular 
ridges of,49,55,58;penniculu8 of, 
49,52,53,57,59; transverse fibrils 
of, 49; neuromotor system of, 50, 
55, 57, 59; trichocyst of, 50^1; 
cilia of, 51, 53; basal granules of, 
51, 53; longitudinal body fibrils 
of, 51, 52; cytostomal fibrils of, 
51, 62; cyfopyge of, 51; pharyn¬ 
geal complex of, 52 ff.; neuromo- 
torium of, 52-53, 57,59; food vac¬ 
uoles of, 63, 55; esophageal proc¬ 
ess of, 54, 59; paraesophageal fi¬ 
brils of, 54, 57, 59; posterior neu¬ 
romotor chain of, 54,57, 59; post- 
esophageal fibrils of, 55, 57, 59; 
lax condition of fibrils of, 55 
Peter, K. v., experiments of, in cell 
dissection, 36 

Peyer’s patches in the rat, 179 
Physa gyrina; Zeugorchis syntomen 
tera in, 165; natural infection of, 
165; percentage of infection of, 
167; uncertainty in identification 
of, 172 

Pickard, E. A., neuromotor system in 
Boveria demonstrated by, 37 
Planorbidae, opinions on classifica¬ 
tion of,162 

Planorbis, uncertainty of identifica¬ 
tion of species, 152 
Planorbis parvus: host of Ostiolum 
oxyorchis, 149; discharge of cer- 
caria by, 143, 145; percentage of, 
infected by cercaria of O. oxyor- 
chis, 144, 151; experimentally in¬ 
fected with O, oxyorchis, 155 
Planorbis vermicularis: percentage 
of, infected by cercaria of O. oxy¬ 
orchis, 144; experimentally in¬ 
fected with 0. oxyorchis, 155 
Plathenis lydia, 155 
Pleurodeles, 277, 394 
Pneumobites, 137,138 
Pneumonoeces, 137,138 
breviplexus, 137 
lon^plexus, 137 
medioplexus, 137 
slmiliplexus, 137 « 

varioplexus, 137 

Polyplastron, 2, 21, 28, 205, 210, 222, 
227, 228, 229, 231, 232, 233, 343 
multivesiculatum, 22, 222, 223, 224, 
225 


Presumptive: ectoderm, 394, 395; epi¬ 
dermis, 393, 394, 399 ff.; medul¬ 
lary anlage, 393, 394, 398; medul¬ 
lary material, 893, 394, 395, 396, 
397, 398 f. 

Proboscidiella and Devescovlna, New 
Species of, ffom Kalotermes occl- 
dentlB Walker, a Termite 4f 
Lower California, 77-96 

Proboscidiella multinucleata, 77 

Proboscidiella occidentis: morphology 
of, 78, 82; “vestigial sleeves,” 78; 
rostellum of, 78, 82; uninucleate 
stages of, 79; nuclear migration 
in, 80; “retractor fibers” of, 81; 
arrow shaped axostyle of, 81; 
diagnosis, 82; comparison of, with 
other species, 83 

Protozoa in intestine of Rattus norve- 
gicuB, 179-190 

Pulsatory Cycle of the Contractile 
Vacuoles in theOphryoscolecidae, 
CUiates from the Stomach of Cat> 
tie, The, 205-250 

Pulsatory cycle of contractile vacu¬ 
ole, 205,225 

Quinhydrone reference electrode, 181 

Racovitza, E, G., cited on Asellids, 
100 

Ram6n y Cajal, silver impregnation 
method used by, 39 

Kana aurora: Ostiolum oxyorchis 
found in, 149, 151; attacked by 
Zeugorchis syntomentera, 169, 
173 

Rana boylii, Ostiolum oxyorchis 
found in, 149 

Rana pipiens, not infected by Ostio¬ 
lum oxyorchis, 149, 156 

Rao,Mr.,Game Conservator of Mysore 
State, 342 

Ratcliffe, H. L., cited on species of 
Trichomonas present in the rat, 
182 

Rattus norvegicus: frequent use of, 
for laboratory experiments, 179; 
intestinal scrapings of, 179; Pro¬ 
tozoa found in, 181; Trichomonas 
found in small intestine of, 181ff. 

Rees, C. W., neuromotor system in 
Paramecium demonstrated by, 37, 
38 

Regulatory Development in Triturus 
torosos (Bathke), 191-200 

Reniferinae: life cycles in, 172; ela«- 
sification of, 173 

R4nyi, G. v., work of, on ciliary move¬ 
ments, 39 
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Reticulitemes heapertui: association 
of, with fungi, 112 passim; fungi 
most frequently isolated from. 
118, 122; distinctive amount of 
fungus growth with, 122; fungi 
isolated from frass found in bur¬ 
rows of, 130. See also Fungi; Ter¬ 
mites 

Bhaphiceros, 17, 18, 355 

Schechtman, A. Handel, The Organ¬ 
iser In Tritnnu toroeus (Bathke) 
and Its Bdle In the Bevelopment 
of the Medullary Plate, 277-292; 
XTnipolar Ihgreesion in Trlturus 
torosus: A Hitherto XJndescribed 
Movement in the Pregastrular 
Stages of a Urodele, 303-310; 
The Determination of the Medul¬ 
lary Plate in Mturus torosus 
(Bathke), 393-408 

Schuberg, A., description of pellicu¬ 
lar pattern by, 36 
Semilunar valves, 315, 316 
Sharp, E. G., declaration by, of a neu¬ 
romotor system in Diplodinium 
ecaudatum, 37, 50 

Sinuatrial: aperture, 312, 316, 318; 
constriction, 315; junction, 315, 
318; valves, 313, 315, 317, 318 
Sinus venosus, 312, 315, 337 
Skeletal complex: of Epidinium, 3; 

plates of, 3; caudal spine of, 3 
Spemann, H., and Mangold, H., cited 
on induction of neural tube in 
presumptive epidermis, 277, 281 
Spirostomum, 227, 235 
Stapedial artery. See Orbital artery 
Stent or, 38, 235 

Studies on the Structure and Life-His¬ 
tory of Ostiolum oxyorehis (Di- 
gles) from the California Bed¬ 
legged Prog, Bans aurora dray- 
toni, 135-162 

Studies on the Structure and Idfo- 
History of Zeugorchis syntomen- 
tera Sumwalt, A Trematode from 
the Snake Thanmophis ordlnoides 
from California, 163-178 
Stylonychia, 236 

Swezy, Olive, cited with Kofoid, C. 
A., on pseudopodial action of cy¬ 
toplasm in Probosci^ella, 78, and 
on ^'retractor fibers,” 81 
Sympetrum illotum, infected by Os¬ 
tiolum oxyorehis, 151,155 

Tadpoles not infective to lung fiukes, 
140 

Termites: association of, with fungi, 
112 ; species of, chosen for study, 
112 ; collection of, colonies^ 112, 
113; ^esighation of term ^col- 


Termites (ooniiwuod) 

ony,” 113; precautions against 
contamination of, 116; fungi 
most frequently removed from, 
colonies, 122; state of wood con¬ 
taining, colonies, 124; distribu¬ 
tion of fungi within individual, 
colonies, 125; rdle of, in spread¬ 
ing fun^, 131. See also Fungi. 
Thamnophis ordinoides, 164, 169, 170, 
171 

sirtalis, 163 

Theory of dynamic determination, 
277 

Tintinnopsis, 37 

Tissue culture. See Triturus torosus 
Tragelaphus scriptus, 355 
Tragulus meminna, 28 
Travassos, L., and Darriba, A. B., 
cited on the genera Pneumonoe- 
ces and Ostiolum, 137 
Trematodes, methods used in study¬ 
ing Hfe-histories of, 139 
Trichomonas: of rat, distribution of, 
181, 184, 189; relation of, to pH, 
182; disagreement concerning 
species of, 183 
Triton, 191, 278, 281 
taeniatus, 393 

Triturus torosus: attacked by cerca- 
ria of Zeugorchis syntomentera, 
169,173; regulatory development 
of, 191; highly fragile and sus¬ 
ceptible condition of gastrulae 
of, 192; technique for &e mech¬ 
anical injury employed on, 192- 
193; puncture of chorion of, 193; 
wound in roof of blastocoele of, 
193; formation of window in 
blastocoele of 193; internal view 
of blastula of, 193; activity of 
outer pigmented yolk of, 193; in¬ 
jury usually quickly repaired by, 
193; semicircular cap ox, 193,194; 
solid mass of yolk cells of, 193, 
195; blastoporal groove of, 193, 
194; invagination prevented by 
gelatin of, 193; advent of medul¬ 
lary plate of, 193,194; difference 
between neurulae of controls and 
experimentals of, 193,194; inver¬ 
sion of embryo necessary to study 
nervous system of, 193; neural 
folds of, 193, 195; dissection of 
medullary plate of, 194; removal 
of chorion of, 194; notochord of, 
194; area of orgghizer of 6pe- 
mann in, 194; notochordal sheath 
of, 194; transmission experiments 
with, 266; value of egg pimen- 
tation of, 278; implants of, 278, 
280, 281; topographical map of 
presumptive organ anlagen of, 
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Triturufl toroias (oontimed) 

278-279, 283; vital staining ex¬ 
periment on, 279; loealieation of 
organizer of, 279, 282, 284, 285; 
transplants from early gastrola 
stage of, 279, 282; secondary 
mednllary plate of, 279, 280, 281, 
282; cell changes in, 279,282, 283, 
284, 285; neural tube of, 280; for¬ 
mative influence of chorda and 
somites of, 280, 281; transplants 
from middle gastrida stage of, 
281; from late gastrula stage of, 
281, 283; secondary embryo of, 
281; transplantation of parts of 
neurula of, 281; medullary plate 
of, 281, 282, 283, 284, 285; de¬ 
velopment of ezplanted anlagen 
of, 282; development of explants 
of, 282, 283, 284; presumptive 
medullary material of, 282, 283, 
284; presumptive epidermal ma¬ 
terial of, 283, 284, 285; ^^medul¬ 
lary and nonmedullary differenti¬ 
ation” of, 283, 285; compound ex¬ 
plants from early gastrula of, 
284; presumptive medullary ma¬ 
terial with dorsal lip material of, 
284; compound explants from late 
glkstrula of, 284; presumptive me¬ 
dullary material with archenteric 
roof of, 284; presumptive nervous 
material of, 285; chordamesoderm 
of, 285; unipolar ingression in, 
304, 305, 306; determination of 
medullary plate in, 393, 408. 

Tumors: regression of experimental, 
in animals, 293; oxidation-reduc¬ 
tions of, 293; metabolism of tis¬ 
sue of, 293; methylene blue in¬ 
creases rate of Qa consumption of, 
293, 300; ‘^ppising” effect of 
methylene blue on tissue of, 294, 
301; breeds of animals used in ex¬ 
periments on, 294; method of im¬ 
plantation and treatment of, 295; 
growth of, 295; preparation of in¬ 
ventors for treatment of, 295; 
amount of dye injected into, 295- 
296; color of, at autopsy, 296; ex¬ 
periments on, divided into two 
sections, 296-«301; spontaneous re¬ 
gression of, found in all groups, 
296, 299, 300, 301; length of life 
of animal having, 300. See aleo 
Methylene blue ^ 

Unallocated species of Epidinium, 12 
Unipolar i:ngno8loii in Ttltnras toro- 
ana: A ttitliorto Undeseclbed 
M0voiiiant in the Pregastmlar 
of a Urodele, 303-408 


Unipolar ingression: in invertebrates, 
303; in vertebrates, 303-304; 
demonstration of, 305 

Urodeles: medullary plate in, 277,278 

Vacuoles, contractile, of Protozoa. 
See Contractile vacuoles ' 

Ventricle, 312, 313, 314, 315, 316, 317, 
318 

Visscher, J. P., neuromotor system in 
Bileptus demonstrated by, 37 

Vital staining. See Triturus torosus 

Wenrich, D. H., cited on species of 
Trichomonas present in the rat, 
182 

Tocom, H. B., neuromotor system in 
Euplotes demonstrated by, 37 

Zeugorchis, 164 
acanthus, 163 
aequatus, 163,164 

Zeugorchis syntomentera: historical 
account of, 163; from Thamno- 
phis ordinoides, 164; infections 
of, in California and Washington, 
164; methods of studying life-his¬ 
tory of, 165; infection of Physa 
gyrina with, 165; method of ob¬ 
taining cercaria and metacerca- 
ria from, 165; hatching of eggs 
of, 166; method of obtaining mir- 
acidia from, 166; structure of 
eggs of, 166, and of miracidium 
of, 166; sporocyst of, 167; per¬ 
centage of, infection in Physa 
gyrina, 167; structure of cercaria 
of, 167, method of study of, 167, 
and phototropic reactions of, 168; 
infecting Hyla regilla with, 168; 
Bana aurora and Triturus torosus 
attacked by cercaria of, 169; in¬ 
fecting Thamnophis ordinoides 
with, structure of young fluke, 
170; Thamnophis ordinoides fed 
with, 170; experimental and nat¬ 
ural infection with, 171 

Zootermopsis angusticollis: association 
of, with fungi, 112 passim; sources 
of colonies of, 116; fungi most fre¬ 
quently isolated from, 122; fungi 
isolated from, pellets, 129,230. See 
aUo Fungi; Termites 

Erratum 

P. 80,1. 8 (1. 2 in explanation of figure 
A), for miosis read mitosis. 
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